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SYNOPSIS

The Recreational Beaches and Boating Appendix describes the effects of
limited regulation of Lake Erie on recreational beaches and boating in the
lower Great Lakes-St. Lawrence River system.

Limited regulation of Lake Erie would require increasing the outflow during
periods of above-average water supplies to the upper Great Lakes, i.e., Lakes
Superior and Michigan-Huron. The purpose is to lower the extreme high water
levels on Lake Erie so as to reduce shoreline flood and erosion damages.
Regulation plans for limited regulation of Lake Erie were developed and
tested over the period 1900-1976. The effects of limited regulation of Lake
Erie were identified by comparing the water levels and outflows that would
have occurred under regulated conditions, with the water levels and outflows
under present Lake Erie outlet conditions. The effects were expressed in
monetary terms for a project life of 50 years.

All losses and benefits were based on July 1979 price levels, using an
interest rate of 8-1/2 percent. The study was limited to Lakes Erie and
Ontario and part of the St. Lawrence River where the impact was expected to be
greatest and due to time and funding constraints. Also, due to these
constraints, the study of the effects on recreational boating was confined
only to United States waters.

Limited regulation of Lake Erie would have the effect of lowering the water
level of that lake and those upstream. As a result, there would be losses
to recreational boating, with the losses dependent upon the amount of
lowering. Overall, the losses in terms of present value would range from
$5 million for Plan 6L to about $36 million for Plan 25N. At the same time,
recreational beaches would benefit due to increases in beach area. The com-
bined benefits in terms of present value to Canada and the United States
would range from about $9 million for Plan 6L to about $71 million forPlan 25N.

COVER PHOTO: Aerial view of marina and beach at Bayfield, Ontario

on Lake Huron, May 27, 1978. Norman A. Rukavina.
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Section 1

INTRODUCTION

1.1 General

As a result of a recommendation in the International Joint Commission's
1976 Report to the Governments of Canada and the United States, entitled
"Further Regulation of the Great Lakes," the Governments issued on
February 21, 1977 a reference to the International Joint Commission (IJC).
Pursuant to this reference, the Commission established the International
Lake Erie Regulation Study Board. The Commission directed the Board to
undertake a study to determine possibilities for lowering extremely high
water levels by limited regulation of Lake Erie, taking into account the
applicable Orders of Approval of the Commission and the recommendations of
the Canada-Quebec study of flow regulation in the Montreal region. As part
of the study, the Board examined a broad spectrum of regulation-related
economic, social, and environmental effects of limited regulation throughout
the Great Lakes Basin, including the International and Canadian Reaches of
the St. Lawrence River.

Any modification to the outflows of Lake Erie would affect a portion of
the supply of water to Lake Ontario and, to some extent, affect the levels
and outflows of the upper Great Lakes. In this regard, the Board evaluated
three regulation categories. Categories I and 2 consider Lake Erie regula-
tion constrained by the present Orders of Approval and channel limitations of
the St. Lawrence River. Category 3 considers channel modifications and/or
remedial measures in the St. Lawrence River to accommodate regulation of
Lakes Erie and Ontario. A more detailed description of the three regulation
categories is presented in Appendix A, Lake Regulation. The Commission
further directed that if the Board finds that new or altered regulatory works
or other measures would be practical, it should estimate their costs, and the
effects, whether beneficial or adverse, on the various interests. The
interests included those evaluated economically (coastal zone, commercial
navigation, hydroelectric power, and recreational beaches and boating) or
environmentally (water quality, wildlife/wetlands, and fish). The economic
evaluation of the effects of limited regulation of Lake Erie on recreational
beaches and boating interests is the subject of this Appendix.

The customary (British) units of measurements are used in this appendix.
A British to Metric conversion factor table is contained in Annex A.

1.2 Scope

In order to evaluate the effects of limited regulation of Lake Erie on
recreational beaches and boating interests, the regime of water levels and
flows pertinent to the investigation were defined. A description of the
level and flow characteristics evaluated is contained in Section 2. Sections
3 and 4 describe in detail the evaluations of beaches and boating;
respectively. Included in the description are the assumptions and equations
used in the evaluation methodologies.

G-1



The geographic scope of the evaluations was limited to the lower Great
Lakes and their connecting rivers because of time and funding constraints.
The study area extended from Port Huron, Michigan-Sarnia, Ontario, to the
New York State-Province of Quebec border; an area containing Lakes St. Clair,
Erie, and Ontario, and the St. Clair, Detroit, Niagara, and St. Lawrence
Rivers.

All data used during the evaluations, including contributory reports,
are filed at the following agencies in Canada and the United States:

Water Planning and Management Branch
Inland Waters Directorate
Environment Canada
P.O. Box 5050
Burlington, Ontario, Canada L7R 4A6

Buffalo District
U.S. Army Corps of Engineers
1776 Niagara Street
Buffalo, New York, USA 14207

1.3 Study Organization

The Working Committee, established by the International Lake Erie
Regulation Study Board, created several subcommittees to evaluate the impacts
that would result from limited regulation of Lake Erie. Although considered
part of the Environmental Effects Subcommittee throughout the Study, the
recreational beaches and boating group functioned as a separate entity since
its evaluations were quantitative rather than qualitative as for the other
"environmental" groups (water quality, wildlife/wetlands, and fish). The
recreational group was comprised of personnel from the U.S. Army Corps of
Engineers, the Ontario Ministry of Natural Resources, and Canadian Department
of Fisheries and Oceans. A list of participants is contained in Annex B.

1.4 Prior Studies

The International Great Lakes Levels Board (IGLLB) Study included the
evaluation of recreational beaches and boating. Appendix D - Fish, Wildlife,
and Recreation, dated December 7, 1973, of the IGLLB Study contains a
description of the evaluation. The information contained in the IGLLB report
was used wherever applicable in the Lake Erie Regulation Study. Much of the
background data, however, is no longer available and it was therefore
necessary to undertake an inventory of beaches and boating facilities. The
inventory was along the U.S. shoreline only, since Canadian beach data was
readily available and Canadian boating data, although not available, was not
collected because of financial constraints. Because of the lack of Canadian
boating data, no attempt was made in this study to evaluate possible impacts
on this interest.

G-2
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Section 2

REGULATION PLAN EFFECTS ON WATER LEVELS/FLOWS IN THE
LOWER GREAT LAKES

2.1 General

The basis-of-comparison and all three regulation plans (25N, 15S, and
6L) have the potential for affecting the long-term annual mean water level,
the extreme high and low water levels as well as their frequency of
occurrence and duration, and the long-term water level fluctuation range and,
thereby, would affect recreational activities.

2.2 Basis-of-Comparison

The basis-of-comparison and adjusted basis-of-comparison represent the
water levels and outflows that the Great Lakes would have experienced for the
study period 1900-1976 under certain assumed conditions. They also portray
water levels which could occur in the future if the Great Lakes were to
experience supplies similar to those received during the period 1900-1976.
The basis-of-comparison levels, therefore, are distinctly different from the
historical 1900-1976 water levels. They are anticipated future levels
forming a basis from which deviations caused by the regulation plan could be
measured and evaluated. The historical conditions which occurred during the
77-year period have been used only as indicators of how recent conditions
have shaped the existing environment.

Appendix A, Lake Regulation, and Section 3 of the Main Report provide
detailed descriptions of the development of the basis-of-comparison and
adjusted basis-of-comparison. Table G-1 is a summary of the hydrologic
evaluation of Lake Erie regulation plans.

Limited regulation of Lake Erie would require construction of regulatory
works near the head of the Niagara River. These works would be operated, when
required, to permit additional Lake Erie outflows. Their capacities range
from low, such as Plan 6L which uses the Black Rock Lock, to high, such as
Plan 25N which uses the Niagara River structure.

2.3 Lakes Erie and St. Clair

2.3.1 Plan 25N

Plan 25N would require a control structure in the Niagara River that
would provide an additional outflow capacity of 25,000 cfs. Plan 25N would
lower the mean level of Lake Erie by about 7 inches. It would have the most
dramatic effect of all the plans on water levels. The plan would increase
the frequency of occurrence of low levels (569.7 feet and below). The plan
would also reduce the frequency of high levels but would not produce any
noticeable changes in the seasonal water level pattern.

G-3
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Table G-1 - Summary of Hydrologic Evaluation of
Lake Erie Regulation Plans

: Basis-of-

Comparison Plan 6L Plan 15S Plan 25N

LAKE SUPERIOR

Mean 600.44 600.43 : 600.41 : 600.37
Maximum 601.93 : 601.93 601.93 601.93
Minimum : 598.69 : 598.68 598.65 : 598.62
Range 3.24 3.25 3.28 : 3.31

LAKES MICHIGAN-HURON

Mean : 578.27 : 578.24 578.18 578.05
Maximum : 581.15 581.09 580.99 580.75
Minimum : 575.47 575.45 575.42 575.36
Range 5.68 5.64 5.57 5.39

LAKE ERIE

Mean 570.76 : 570.67 570.53 570.17
Maximum 573.60 : 573.45 : 573.18 572.53
Minimum 568.09 : 568.07 568.02 567.84
Range 5.51 5.38 : 5.16 4.69

LAKE ONTARIO - Cat. 1
(with deviation)

Mean 244.61 : 244.64 244.65 : 244.63
Maximum 247.37 : 247.39 : 247.56 247.50
Minimum : 241.81 : 241.74 : 241.59 241.38
Range : 5.56 : 5.65 5.97 : 6.12

LAKE ONTARIO - Cat. 2

Mean : 244.61 : 244.66 : 244.69 : 244.71
Maximum 247.37 : 247.34 247.42 247.45
Minimum 241.81 : 242.04 242.12 : 242.21
Range 5.56 5.30 5.30 : 5.24

Adj. BOC Plan 6L Plan 15S Plan 25N

LAKE ONTARIO -Cat. 3:

Mean 244.63 : 244.64 244.65 244.67
Maximum : 246.77 : 246.79 : 246.84 : 246.83
Minimum : 242.38 : 242.32 : 242.34 : 242.47
Range : 4.39 : 4.47 : 4.50 : 4.36

G-4
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For the high water period (1971 to 1976) the plan would reduce the Lake
Erie mean level averaged for those years by about 12 inches and the maximum
June mean level also by about 12 inches. During the low water period
(1961-1966) this plan would lower the mean level for Lake Erie by 4 inches
and the minimum February mean level also by 4 inches. The duration of low
water periods would be increased.

On Lake St. Clair, Plan 25N would lower the mean level by 5 inches. For
the low water years (1961 to 1966) the plan would reduce the Lake St. Clair
mean level for the period by about 3 inches.

2.3.2 Plan 15S

Plan 15S would require a Black Rock Canal-Squaw Island Diversion Channel
structure to increase the outflow capacity by about 10,000 cfs. Plan 15S
would lower the Lake Erie mean level by about 3 inches. During the high
water period (1971-1976) this plan would reduce the Lake Erie mean level for
the period by about 4 inches and the maximum June level by about 5 inches.
It would reduce the frequency of occurrence of high levels but it would also
increase the frequency of occurrence of low levels. During low water years
(1961-1966) the plan would lower the Lake Erie mean and minimum levels by
about 2 inches. For Lake St. Clair, the long-term mean level would be
lowered by about 2 inches.

2.3.3 Plan 6L

Plan 6L would require modifications to the existing Black Rock
Navigation Lock to provide the outflow capacity of about 4,000 cfs. Plan 6L
would lower the Lake Erie mean level by about 1 inch. There would be slight
changes in the frequency of occurrence of high and low water levels.

2.4 Lake Ontario

On Lake Ontario, the long-term mean water level would not change much
under Category 1. For Category 2 plans, they would be increased slightly.
Compared to the adjusted basis-of-comparison, Category 3 plans would also
raise slightly the mean level. All three plans would increase the frequency
of occurrence of high levels. All plans under Category I would lower the
minimum water levels, an effect which was particularly noticeable during the
extended low period (1961-1966). The long-term fluctuation range would be
increased slightly for all plans under Category 1.
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Section 3

BEACHES

3.1 Introduction

3.1.1 Study Area

The study area encompassed the shoreline of the lower Great Lakes and
connecting channels from Port Huron, Michigan-Sarnia, Ontario, downstream to
Cornwall, Ontario-Massena, NY, on the St. Lawrence River. Figure G-1 shows
the reaches or shoreline segments along Lakes St. Clair, Erie, and Ontario,
and the St. Clair, Detroit, Niagara, and St. Lawrence Rivers. The Canadian
reaches correspond to the boundaries of the administrative districts of the
Ontario Ministry of Natural Resources on a lake-by-lake basis. For the
United States, the reaches are the same as those used by the International
Great Lakes Levels Board (IGLLB).

A significance test was made to ascertain whether there would be any
impacts of regulation on the Canadian beaches of Lake Huron. Although test
results indicate that the impacts would be significant (Annex C), these
beaches were not included due to time and financial constraints of the study.

Beaches along the Canadian portion of the St. Lawrence River were not
included since accurate water level data by beach were not available.

3.1.2 Existing Conditions

Approximately 80 miles, or 4 percent of shoreline in the study area, are
publiclT accessible recreation beaches (U.S.: 27 percent; Canada: 73
percent . Many of these beaches are of high quality and provide a wide range
of recreational beach activities. Some examples include: Rondeau, Long
Point, and Sandbanks in Canada and Hamlin (New York), Presque Isle
(Pennsylvania), and Cedar Point (Ohio), in the United States.

A summary of beach physical characteristics is presented in Table G-2.
Lake St. Clair, including St. Clair River beaches, contains 1.3 miles (U.S.
63 percent, Canada 37 percent). Lake Erie, including Detroit and Upper
Niagara River beaches, contain 43 miles (U.S. 38 percent, Canada 62 percent).
Lake Ontario, including the Lower Niagara River beaches, 34 miles (U.S. 12
percent, Canada 88 percent), and St. Lawrence River beaches 3.8 miles (U.S.
17 percent, Canada 83 percent). Beach areas were determined using long-term
seasonal mean water levels under basis-of-comparison conditions.

G-6
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Table G-2 - Beaches in the Study Area

Beaches
Length : Area --

Waterbody Reach : (feet) (so. feet)

Lake St. Clair (includes
St. Clair River)

Canada :Chatham (LSt.C) : 4.462

United States :RO01 0 0
:ROO2 : 2,575 : 298 800

Total 7,037

Lake Erie (includes Detroit

River & Upper Niagara River):

Canada :Chatham (LE) 55,406

:Aylmer 13,471
:Simcoe 31,409
:Niagara (LE) 39L 809

Subtotal

United States :R003 : 1,094 : 143,200
:3001 1,010 193,800
:3002 : 8,696 : 838,400
:3003 : 30,032 : 2,955,900
:3004 42,674 : 5,076,100
:RO04 : 20 : 600

Subtotal 90 0
Total

Lake Ontario (includes Lower

Niagara River)

Canada :Niagara River(LO): 15,533

-Camrirdge, 35,800
:Maple : 46,468
:Lindsey 19,762
:Napanee (LO) 58 L226

Subtotal :

United States :ROO5 0 0
:2001 : 4,608 420,000
:2002 : 5,130 : 717,300
:2003 : 6,096 : 730,500
:2004 : 4,524 426,400
:2005 537 72 100

Subtotal
Total 1

St. Lawrence River

Canada :Napanee (SLR) : 3,510

:Brookville : 4,494
:Cornwall : 81771

Subtotal : : 7

United States :R006 : 1,074 : 62,200
:R007 0 0
:ROO8 2 2405 332 200

Subtotal : : :
Total

Study Area

Canada : 317,121

United States : : 113.475 12,565,500

Total : 430.596

1/ Areas for Canadian beaches were not determined
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3.2 Evaluation Procedure

3.2.1 General

Recreational beach opportunities were determined, and benefits or losses
resulting from regulation were calculated by comparing projected recreational
beach use.

Swimming is an activity indicator for beach use. The amount of this
activity was based on dry beach area converted to recreational beach
opportunities. Beach area, then, is the measure that is affected by fluc-
tuating water levels. Changes in lake level due to regulation would result
in changes in beach area which can be converted to changes in opportunities
available.

A basic assumption of this study is that no benefit or loss will occur
if the additional recreational beach supply due to regulation is not needed
to satisfy projected use. That is, if supply resulting from regulation is
greater than supply without regulation then benefit due to regulation will
occur; if the former is equal to the latter, then there is no effect; or, if
the former is less than the latter, then a loss results due to that regula-
tion scheme.

Each unit of supply is expressed in monetary terms, hence benefits or

losses resulting from the regulation plans are expressed in dollars.

3.2.2 Supply

In general, supply is calculated by multiplying the number of days which
are available for swimming by the number of people which can be physically
accommodated on a beach in any one day. This calculation makes no allowance
for the presence or absence of support facilities such as parking spaces or
concessions, nor does it reflect varying quality of experience; the only
study variable is beach area as affected by changes in water level.

The formula used to determine supply is:

Supply = area of X space X turnover X number of X peaking
beach standard rate suitable days factor

Supply is expressed in opportunities (the number of specified oppor-
tunities of an activity provided by a facility over a time period is equal to
the number of occasions that the facility can accommodate).

SeZection of Canadian eachee: The Canadian beach survey, called the
Ontario Recreation Supply Inventory (ORSI), makes certain selections as to
which beaches are actually measured.

The survey included a questionnaire which was to be completed for all
beaches used for swimming and sunbathing open to the general public on a
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daily basis, or part of private clubs, youth camps, resorts, or other commer-
cial accommodation establishments. Only those beaches having all of the
following characteristics were to be inventoried:

1. There must be a wet beach at least 5 metres wide (to a depth of 1.5
metres, i.e., 5 feet);

2. the wet beach material must be sand, gravel, or smooth rock;

3. there must be some backshore presently usable by swinmmers. The
backshore does not necessarily have to be sand; and

4. the beach must be accessible by land or by publicly-available boat
(e.g., Toronto Islands). This means that all beaches accessible only by pri-
vate boat are to be excluded.

On rare occasions, it was impossible to record all information on a
single activity site questionnaire; e.g., two swimming areas, one with a wet
beach of sand, another with a wet beach of gravel. In such cases, a second
beach questionnaire was required. However, such situations were the
exception, not the rule. The average backshore and wet beach widths were
taken. If a width criterion was the only difference, two questionnaires were
not necessary.

Regarding the access criterion, only those beach areas within 400 metres
(1/4 mile) of driveable road access were inventoried (i.e., a beach length
that is 400 metr beyond a road was excluded). This limit was chosen
because most people are not willing to walk more than 400 metres from their
transportation to engage in beach activities.

Within the study area, this circumstance occurred 10 times; eight in
Roudeau Provincial Park and twice in Point Pelee National Park representing
2.7 percent of the total number of beaches surveyed.

Beach length is provided accurately by the inventory. Width, of course,
varies with a change in water level. The width measurement used is also pro-
vided by ORSI, but is, unfortunately, grouped into width classes. Table G-3
shows the distribution of width classes by waterbody. The midpoint of the
class was used as a substitute for the actual measurement.
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Table G-3 - Distribution of Canadian Beach Width Classes by Lake
and Interconnecting Channel

Number of Beaches Per Width Class
:Less: : :Percent
:than: : : :Gra.er : of

Waterboy : 5m :5-10m:10-20m:2O-4Om:40-8Om:th.,i 80m:Total: Total

Lake St. Clair : 4: 6: 9 1 3 23: 6.2
(includes St. Clair :
River)

Lake Erie :21 :19 :40 :17 :19: 10 :126 :33.8
(includes Detroit and:
Upper Niagara River) : : : :

Lake Ontario :38: 57: 38 : 19 : 14 : 4 :170: 45.6
includes Lower :
Niagara River) :

St. Lawrence River : 2 : 13 : 20 : 13 : 5 : 1 54 : 14.5

Total 65 :95 :107 :50 :38: 18 :373 :100.0

Slope is assumed to be constant for individual beaches. ORSI provided
the data to calculate the slope which was then used to convert changes in
water level into the area of beach exposed or flooded. This is the wet beach
measure that is the area between the shoreline and the 1.5 metre (5 feet)
water depth contour line.

Selection of United States Beaches: The United States beach survey was
performed by the Midwest Research Institute and included all beaches in the
Lower Great Lakes study area--both those available for public use and those
that were limited to private membership, for example, religious organizations
and clubs. Only the publicly accessible beaches, however, were considered in
the study results including private beaches open to the public for a fee;
state, city, and local parks; as well as, beaches available to residents of a
particular town or village. For the United States beaches, full length and
width measurements were taken, regardless of how far the extremity of the
beach was from the nearest access road.

Area of Beach: In Canada, beach length and width were provided by ORSI.
The data used for this study were collected from 1974 to 1979.

In the United States, lengths, widths, wet beach slopes, and dry beach

measurements were recorded and the closest gaq2 reading was noted.
Measurements and statistics by reach are presented in Annex D.

Space Standard: This factor is a measure of the space required to
accommodate individuals on a beach. It varies depending on the type of
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experience hat is intended. The standard used for this study is one person
per 100 ft. . This standard has been adopted by the Ontario Ministry of
Natural Resources for beaches in natural environment class provincial parks.
A similar standard is used by several other jurisdictions across North
America, including the Water Resources Council, and therefore is thought to
be reasonable for this study. While tending to be conservative, the standard
is appropriate given the range of intensities of beach use across the study
area.

Turnover Rate: This factor is the number of times that the same area of
beach can provide an opportunity of recreation in a day. It is calculated by
dividing the total daily attendance by the peak instantaneous attendance.
The rate used was 1.2 and is consistent with ORSI and current provincial park
standards as supported by recent park visitor surveys and the standards used
by the Corps of Engineers in U. S. beach studies.

Number of Suitable Dc s: The number of days suitable for swimming
varies from month to montif depending on the number of days in the month and
the probability of cloud cover, precipitation, and suitable water and air
temperatures. The Tourism and Outdoor Recreation Climate of Ontario was the
source of the data used for determining the number of suitable days in
Canada. Suitable days calculations are by reach and are consistent with
observed recreational practices (Table G-4). The number of suitable days
also defines the limits of the beach use season from May to September
inclusive.

Peaking Factor: The peaking factor is used in the supply equation to
adjust the number of available opportunities by known or estimated use
patterns. This adjustment is necessary for comparing the total number of
opportunities in a given month of recreational use with the projected use.

In Canada, this factor is called the institutional constraint factor.
Institutional constraint accounts for the fact that beach supply is not
equally ava 4 lable to all people every day of the week due to "institutional"
influences such as the conventional work day and work week. It has the
effect of leveling out the fluctuation of actual supply which occurs in a
week due to these constraints.

The Institutional Constraint Factor (K) takes into consideration the
peaking in recreational use caused by such constraints as: the days of the
week people normally have off, statutory holidays, No Sunday hunting laws,
etc., and, therefore, recognizes the fact that the supply of recreational
opportunities is not always equally available throughout the week. In
general, it has been found that for those facilities and resources which are
local, and, therefore, readily accessible by foot or by bicycle, and for
those facilities and resources used on an extended trip basis, K will have a
value approaching 1.0. On the other hand, those facilities and resources
which are regional in nature, require the use of a car as a means of
transportation to the site, and are considered to be day-use recreation
areas, will have a relatively low value for K.
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Table G-4 - Number of Days Suitable for Month
(Canadian Suitable Days)

Administrative : Park. . .

District/Reach : (Beach) :May:June:July:August:September: Total

Chatham/Lake Windsor :5.7:14.5:19.0: 19.1 : 12.7 71.0
St. Clair.. .

Chatham/Lake Point Pelee :4.3:14.9:19.3: 19.4 : 13.0 70.9
Erie

Rondeau Park :3.7:13.8:19.0: 18.8 11.3 :66.6

Aylmer .Port Stanley :3.8:14.1:18.6: 18.3 : 10.3 65.1

Simcoe Long Point Park :1.5:12.6:18.9: 18.7 : 9.8 :61.5

Niagara/Lake Erie Rock Point Park :2.0:13.3:18.7: 18.1 : 9.3 :61.4

Lake Erie Avg. : 65.1

Niagara/Lake :Niagara Falls :4.6:14.5:18.6: 17.3 : 10.6 :65.6
Ontario . . .

:Niagara-on-the- :3.4:12.7:18.8: 16.7 : 9.4 :61.0
:Lake .

Cambridge :Hamilton :3.2:12.2:18.7: 16.4 8.9 :59.4

Maple .Toronto Island :1.2: 9.6:17.3: 15.5 : 6.5 :50.1

Lindsay .Cobourg :1.3:10.0:17.6: 15.1 : 6.4 :50.4

Napanee/Lake :Trenton :2.2: 9.6:17.3: 15.7 : 6.6 :51.4
Ontario . . .

Outlet Beach :1.0: 8.8:17.1: 14.7 5.5 :47.1
Park .

Lake Ontario : : : E5.0
Average . .

Napanee/St. Kingston :2.4:11.0:17.5: 15.8 : 6.9 :53.6
Lawrence Rvr.

Brockville :4.5:12.8:17.9: 16.0 : 7.9 :59.1

Cornwall :Morrisburg :3.9:13.1:17.8: 15.7 : 7.8 :58.3

Cornwall :4.0:13.0:17.6: 15.7 : 7.8 :58.1

St. Lawrence : 57.3
River Avg. . . . .
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The basis for K is the comparison of attendance for a particular day of
the week with the attendance on the peak day of the week (usually Sunday).
If all attendance were evenly distributed throughout the week, K would equal
1.0. if all attendance were to occur on a particular day, K would equal
0.14. The following procedure was followed to determine K:

1. The average attendance for each day of the week based on the normal
operating season attendance records was determined;

2. the average daily attendance, for each of the 7 days, was divided by
the highest average daily attendance (usually Sunday), producing a "Daily K"
for each day of the week;

3. the sum of the "Daily K's," divided by 7, is equal to K.

Table G-6 shows the Institutional Constraint Factors for Canadian
reaches. Details of the calculations are given in Annex E.

Actual attendance records for U.S. beaches are not available so that an
equivalent institutional constraint factor could not be calculated. A factor
was developed for the United States supply equation which provides similar
results. It is an established fact that most recreational use occurs on
weekends, and summer holidays. With limited use of beaches on weekdays, a
change in beach area caused by lake level regulation would have little effect
at these times. Thus, it was assumed that benefits can be attained only on
peak days when the existing, available beach is entirely used (see
Table G-5).

Table G-5 - Peak Days Per Month for U.S. Supply Equation

No. Days : No. Weekend :: Peak Days/
Month : in Month : Days/Month : Holidays : Month

May : 31 8.9 : 1 : 9.9 /

June : 30 8.6 - : 8.6

July 31 8.9 : 1 : 9.9

August : 31 8.9 - : 8.9

September : 30 8.6 : 1 : 9.6

1/ Peak days are defined as weekend days and holidays. Thus, the number of
peak days in May is 2/7 X 31 a 8.9 + Memorial Day (1) = 9.9 days.

Weather InfZuence Factor: Of course, not all of the peak days will draw
peak crowds. Rain, cold, and windy conditions and other weather phenomena
will reduce the number of peak day crowds.
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Table G-6 -Institutional Constraint Factor by Reach by Month

Administrative
District/Reach Park May June July August September

Chatham/Lake Holiday Beach .302 .237 .273 .277 .332
St. Clair

Wheatley .292 .229 .257 .318 .264

Rondeau .303 .261 .487 .400 .519

Aylmer J. S. Pearce*

Port Bruce*

Iroquois Beach .279 .143 .283 .324 .320

Simcoe Long Point .280 .237 .316 .313 .303

Selkirk .245 .215 .271 .327 .274

Niagara/Lake Rock Point .283 .256 .252 .353 .434
Erie.

Niagara/Lake ..

Ontario*

Cambridge Bronte Creek .234 .226 .294 .316 .306

Maple*

Lindsay Darlington .300 .204 .349 .319 .394

Napanee/Lake Presquile .429 .233 .330 .360 .324
Ontario.. .

North Beach .345 .350 .404 .386 .405

Sandbanks*

Outlet Beach .289 .277 .357 .387 .467

Napanee/St... .

Lawrence* . . .

Brockville*.

Cornwall* . . .

*No data available.
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The Canadian element of the Lake Erie Regulation Study had conducted an
extensive study of the number of days that peak crowds can be expected. This
previous research utilizes variables such as average air temperature, percent
of sunshine days, and water temperature in estimating peak days. Utilizing
the Canadian Report, comparable weather influence factors were selected for
aggregate reaches in the study area - Essentially, the number of days
available for swimming in Canadian reaches adjacent to U.S. reaches were
averaged. One day was added to the average number of days available per
month for U.S. aggregate reaches (generally the U.S. reaches are south of
Canadian reaches and would, thus, have slightly warmer air temperatures); the
U.S. number of swimming days available was then converted to a factor for use
in the supply equation (percent of the month available for swimming).
Weather influence factors for U.S. and Canadian reaches are given in
Table G-7.

These data are from Provincial park surveys. Much of the data used in
this study are from this source since this is the most reliable data
available uniformly across the study area.

Considering all of the above parameters, supply at a given water level

for a beach in a typical reach would, for example, be calculated as follows:

length = 325 ft.

width = 100 ft.

space standard = 100 ft2/person

turnover rate = 1.2

days available in June for swimming = 14.1 days

peaking factor = 0.143

supply = (32,500 ft2 ) x (person/100 ft2) x 1.2 x 14.1 x 0.143

786 opportunities

Thus, this beach provides 786 opportunities of swimming in June.

1/ *The Effects of Proposed Lake Level Regulation on Beach Recreation Along
the Lower Great Lakes," Lake Erie Level Regulation Study, 12 October 1979
(Canadian Government).
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Table G-7 - Weather Influence Factor (by Reach)
for U.S. Portion

Canadian Values Selected U.S. Values
Mean Percent of: Mean : Percent of
No. of : Month : No. of : Month

Aggregate Reaches : Days/Month : (factor) : Days/Month : (factor)

RO08 and R007
(St. Lawrence River)

May : 4 .2a : 0.135 : 5.2 : 0.168
June : 13.0 : 0.433 : 14.0 : 0.465
July : 17.8 : 0.574 : 18.8 : 0.606
August : 15.9 : 0.513 16.9 : 0.544
September : 7.9 : 0.263 : 8.9 : 0.295

R006, and all 2000,
plus RO05
(Lake Ontario)

May : 1.9b 0.061 : 2.9 : 0.094
June : 10.4 : 0.347 11.4 : 0.380
July : 17.7 : 0.571 : 18.7 : 0.604
August 15.6 : 0.503 : 16.6 : 0.535
September : 7.0 : 0.233 8.0 : 0.268

R004 through 3001
(Lake Erie)

May : 2.9c : 0.094 : 3.9 : 0.125
June : 13.4 : 0.447 : 14.4 : 0.480
July : 18.7 : 0.603 : 19.7 : 0.636
August : 17.8 0.574 18.8 : 0.606
September : 10.1 : 0.337 : 11.1 : 0.369

R003 through RO01
(Detroit Area)

May : 4.1d  : 0.132 : 5.1 : 0.165
June : 14.2 : 0.473 : 15.2 : 0.507
July : 19.0 : 0.613 : 20.0 : 0.645
August : 18.6 : 0.600 : 19.6 : 0.632
September : 11.9 : 0.397 : 12.9 : 0.430

a Districts 9 and 10 (Brockville and Cornwall)

b Districts 5, 6, 7, and 8 (Cambridge, Maple, Lindsay, and Napanee)
c Districts 2, 3, and 4 (Aylmer, Simcoe, and Niagara)

d District 1 (Chatham)

Source: Canadian Government Preliminary Report
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3.2.3 Projected use

A basic assumption for this study is that the current participation rate
in swimming will remain the same in the future. Participation rate is
defined as the number of occasions within a given time during which
individuals, out of a given population, participate in various recreational
activities. While appreciating that the demographic characteristics of popu-
lation in the study area 20 or 50 years hence will not be the same as that
currently existing, the work necessary to develop a profile of future popula-
tion and then to assume certain participation patterns could not be justified
in light of the limited value in refining the results of the calculation.

The Ontario Recreation Survey (ORS) conducted in 1973/74 provides the
basis for projecting swimming use into the future. Survey results are
thought still to be representative of the interest Ontario residents have in
recreational swimming.

The State Comprehensive Outdoor Recreation Plans for New York,
Pennsylvania, Ohio, and Michigan, combined with a recreational, projected
use, allocation model, provide the basic input for projecting swimming use
into the future for United States beaches. All States except Ohio had con-
ducted a recent recreation survey and provided an annual basis per capita use
rates for swimming in natural environments. Since a comparable rate was not
available for the State of Ohio, the recent "Opportunities in the Leisure
Industry" study was used as the source of data.

Canadian Method: When assigning projected use for the Canadian portion
of the study, an origin-destination table was used. Projected use in desti-
nation areas, was calculated with population projections for origin areas.
Table G-8 was developed using ORS, ORSI, and travel pattern data.

ORS specifies total participation in swimming for both home-based and

nonhome-based trips by Ontario residents. This is expressed as "occasions"
which is defined as participation in a recreational activity for any length
of time during the day. The survey was based on interviews with 10,230 resi-
dents of Ontario taken from 1 May 1973 to 30 April 1974. Individuals under
12 years of age were excluded from the survey.

In the ORS, total swimming includes swimming in natural environments,
i.e., beaches, as well as that which occurs in swimming pools. These total
swimming figures also include swimming which occurs in nonpublicly accessible
areas such as at private cottages. Since this study is concerned only with
the amount of swimming taking place in each month at publicly accessible
locations in natural environment settings along the Great Lakes in each admin-
istrative district, only the portion of total swimming involving natural
environment areas and publicly accessible locations by month was used. It
also assumed that the amount of swimming along the Great Lakes was propor-
tional, to actual swimming supply in public, natural areas on the Great Lakes
as determined in the ORSI data. As an estimate of projected use, nonresident
swimming use was used as an inverse reciprocal factor. Park records, day
user surveys, and the Lower Great Lakes Day Use Recreation Access Study were
utilized for Its calculation.
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Projections of use for swimming were made for each year, using an
origin-destination table (Table G-8). This table was developed on the basis
of observed results specified in the ORS, assuming that this actual pattern
of travel would continue into the future. Origins are the four Ministry of
Natural Resources administrative regions and destinations are the 10 Ministry
of Natural Resources administrative districts in Southern Ontario (Figure
G-2). Table G-8 was also used to assign projected use from origin areas to
supply areas.

The ORS recorded the number of occasions of swimming made by a respon-
dent for nonhome-based swimming. In deriving the value of an opportunity,
the value of the distance travelled is multiplied by the number of occasions.
For nonhome-based occasions, it is not correct to assume that each occasion
should be valued as if the entire distance were travelled to undertake that
occasion. This matter was investigated with the following results:

I. an estimate of the number of swimming occasions generated on a
weekend or vacation (i.e., nonhome-based) trip was derived (person-trip in
Ontario by an Ontario resident);

2. the average number of swimming occasions generated by a weekend
person-trip is 0.35;

3. the average number of swimming occasions generated by a vacation
person-trip is 3.48;

4. due to the preponderance of weekend trips over vacation trips, the
weighted average value of swimming occasions for a nonhome-based trip is
1.07;

5. the ratio between the number of swimming occasions consumed and the
number of nonhome-based trips generated is approximately one.

Projections of Ontario's population were developed by county and for
1985 to 2035, using a low fertility assumption, 0.27 internal migration
factor, and 30,000 people as the net migration figure. These are thought to
reflect current circumstances.

Projected use for any year is calculated by dividing Great Lakes pro-
jected use by the current population and multiplying the results by the
future population, e.g.,

Projected use 1990 = 1974 use X population 1990
population 1974

Given a projected use for swimming in any year, an allocation of use is
divided into the summer months from May to September. The portion of total
use occurring in each of these months is calculated using the percent of
demand found by the ORS to occur in each month. The distribution of total
use by month provided by ORS is for total swimming and assumes that this
distribution holds true for switming in the natural environment as well.
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Table G-8 - Origins - Destinations for Swimming
(Total of home and nonhome-based swimming)

DESTINATIONS ORIGINS (percent at destination)
(administrative: Administrative Regions

districts) Southwestern: Central . Eastern : Algonquin

Chatham 95.975 : 3.942 : 0.005 : 0.027

Aylmer 94.693 : 3.620 0.011 : 0.133

Slmcoe 49.446 : 49.821

Niagara 1.014 : 98.182 0.390 : 0.103

Cambridge . 1.816 : 98.017 0.138

Maple . 0.574 : 98.172 0.699 0.014

Lindsay 1.877 : 93.282 4.094 : 0.732

Napanee . : 13.092 85.867 0.382

Brockville 6.383 : 9.938 83.678

Cornwall . 1.359 : 2.178 96.463 :

Thus,

Projected use 1990 = (ORS total use) X (percent swimming in natural
areas) X (percent swimming in public areas) X (1 / (1 - percent swimming by
nonresidents)) X (1990 population / 1974 population) X (percent use per
month).

Figure G-3 outlines this procedure diagrammatically.

As an example, consider an administrative district/reach for which
demand comes from all four administrative regions (Table G-9).

United States Method: The COMPATRAX model oulined in Annex F provides
the basic input into the demand formula for estimating benefits derived fromU.S. beaches. The COMPATRAX model utilizes annual per capita recreation

rates for discrete populations and multiplies these rates by forecast
population. The per capita rates for the four States included in the U.S.
forecasts are listed in Table G-10.
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Table G-9 - Example Destination Use for Four Origin Regions

Use in Destination
Origin Population of Region District (1974)
Region 1974(000's) 1990(000's) : (000's occasions)

1 : 500 1,000 275

2 : 2,500 : 4,500 700

3 400 900 50

4 200 300 50

Total 3,600 6,700 1,075

Projected use from each administrative region =

Region 1: (1,000 / 500) X 275 = 550,000

Region 2: (4,500 / 2,500) X 700 = 1,260,000

Region 3: (900 / 400) X 50 = 113,000

Region 4: (300 / 200) X 50 = 75,000

Sum total by administrative
district 1,998,000

District Value
(percent)

Percent of swimming in natural areas 60

Percent of swimming in public areas 75

Percent of swimming each month (July) 44

Percent of swimming on Great Lakes 33

Percent of swimming by nonresidents 25

Projected use (July 1990) = 1,998,000 X .60 X .75 X .44 X .33 X (1/(1 - .25))

= 174,000 occasions (for publicly accessible
natural environment swimming within the Great
Lakes)
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Table G-1O - Occasions for Swimming by State

Annual Per Capita Occasions for Swimming
States in Natural Environments

Michigan 4.71

New York 4.38

Ohio 4.82 (northeast Census Region)

Pennsylvania 4.64

The population forecasts were provided by the Census Bureau's latest
"Series E" national population projection, and the Bureau of Economic
Analysis' industrial and regional disaggregation thereof, as published in
The 1972-E OBERS Projections, November 1974.

The COMPATRAX model is composed of three components:

Projected Use - All projected use areas are located within the model
utilizing longitude and latitude coordinates. These spatial locations
provide a distance relationship between other projected use areas and the
recreation destinations (or supply). For each of the projected use areas,
the forecast population for a given year is multiplied by the estimated per
capita recreation activity occasions (in this case, annual swinding occasions
in a natural environment). The next step in the model is to allocate this
projected use (actually, consumption of recreation areas), into the various
periods of time that people might take part in the activity. The various
leisure activity periods for the model are listed below (Table G-11), along
with the percent of projected recreational use that is allocated into each
one of the periods:

Table G-11 - Leisure Activity Periods for COMPATRAX

Period Percent No. of Occasions/Trip

Few available hours 9 1

All day outings : 39 : 1

Overnight trips : 15 : 2

Vacations : 37 : 3

After the potential demand for a given origin area is segregated into
the periods of time during which the activity occurs, the next step Is to
segregate the amount of activity in each one of these activity periods into
the distance band that people might travel to take part in the activity For
example, people participating in few available hours leisure activity period,
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are much less likely to travel beyond 50 miles compared to those that are
participating in swimming in natural environments on vacations. The distance
bands and the percent of swimming activity that takes place within each one
of these bands by leisure activity period are provided in Table G-12.

The basic data that have been utilized to separate swimming activity
into leisure activity periods and distance zones are provided by a variety of
U.S. research studies.

The origin areas for this COMPATRAX analysis includes two to three coun-
ties inland from all lakes and waterways in the four States, as well as all
of the remaining Standard Metropolitan Statistical Areas (SMSA) in the four
States. Non-SMSA population in the remainder of the States was then propor-
tioned into the counties and SMSA's based on their relative size compared to
each other.

Table G-12 - Swimming by Distance Zones

One Way
Road to Run : Percent

Between Origin : : : Few
and Destination : Overnight All Day Available

(Miles) Vacation Trip Outing Hours

0 - 25 0 14 19 65

26 - 50 5 16 19 19

51 - 75 8 22 23 11

76 - 175 20 33 39 5

176 - 275 16 8 0 0

276 - 475 20 6 0 0

>475 31 1 0 0

Supplyx- As with areas of projected use, supply areas are first located
by longitude and latitude coordinates. This provides a relative location to
other supply areas, as well as the demand origins. In the Lake Erie model,
the supply areas include all of the State Comprehensive Outdoor Recreation
Plan (SCORP) supply regions in the four States, as well as the reaches.

The basic supply information in the COMPATRAX analysis was the linear
feet of available beach in a supply region. All four States provide an esti-
mate of the linear feet of beach available by SCORP regions. The inventory
of beaches on Lakes Erie and Ontario provides an estimate of the linear feet
of beach in each of the reaches. No attempt was made to rate the quality of
any of the beaches. In other words, each foot of beach in an area was con-

*sidered of equal quality to a similar measure of beach in every other region.
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Allocation - The allocation phase is the final phase of the COMPATRAX
analysis. After projected use is estimated for an origin area and appor-
tioned into the leisure activity participation periods and distance zones,
the model searches (by origin of projected use) for available supply regions
within each one of the activity periods and distance zones. The model then
allocates the projected use to the appropriate supply area based on the
relative quantity (and quality, if available) of resources within the par-
ticular zone.

Example of Allocation Process

For this simplified illustration, one distance band was assumed with all of
the swimming occasions occurring during few available hours (9 percent)
being allocated among three supply areas. In actual use, the activity by
leisure activity period is allocated among seven distance bands. For
example, the 4,500 occasions in few available hours would be allocated as
follows: 2,925 occasions into 0-25 miles (65 percent), 855 occasions into
26-50 miles (19 percent), and so on. The computer program would then search
each distance band for available supply areas and allocate as illustrated
above.

Demand Area "n":

Population - 10,000

Recreation Rate - 5 occasions/person/year

Total Potential Demand - 50,000 (years)

Allocation:

Few Available Hours - 9 percent or 4,500 Occasions

Three Supply Areas

S $ Units of Occasions
Supply Percent Few Available Hours

S; Supply ;500 50 X 4,500 = 2,250

Supply 3 400 40 X 4,500 = 1,800

4,500

The final step in the model is to summarize the projected use that is
expended at each of the 17 reaches. The COMPATRAX forecasts of the annual
activity days in swimming in natural environments for the 17 United States
reaches by decade are shown in Table G-13.
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Table G-13 - COMPATRAX Forecasts of the Annual Swimming Occasions
in Natural Environments by Year
(000's of occasions)

United :
States :
Reaches : 1985 : 1995 2005 : 2015 : 2025 : 2035

R008 : 105: 112: 120: 126: 132: 138

R007 : 0: 0: 0: 0: 0: 0

R006 : 69: 74: 80: 85: 90: 95

2005 : 61: 67: 73: 77: 81: 85

2004 : 541: 572: 608: 630: 652: 674

2003 : 739: 870: 1,017: 1,085: 1,153: 1,221

2002 : 768: 906 : 1,059 : 1,117 : 1,175 : 1,233

2001 : 419: 476: 540: 568: 596: 624

RO05 : 0: 0: 0: 0: 0: 0

R004 : 1,110: 1,174 : 1,259: 1,296 : 1,333 : 1,370

3004 : 5,675 : 6,097 : 6,572 : 6,903 : 7,234 : 7,565

3003 : 6,859 : 7,423 : 8,006 : 8,480 : 8,954 : 9,428

3002 : 4,191 : 4,649 : 5,093 : 5,469 : 5,845 : 6,221

3001 : 1,086: 1,214: 1,342: 1,446: 1,550: 1,654

R003 1,514 1,674 1,813: 1,936: 2,059 2,182

R002 : 3,570 : 3,950 : 4,281 : 4,574 : 4,867 : 5,160

RO01 : 0: 0: 0: 0: 0: 0
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COMPATRAX forecasts of annual activity occasions were then converted
into the projected use occurring during peak swimming periods by month for
each of the reaches utilizing the equation shown below:

Projected Use for Total Annual Activity Monthly Peak Day
Recreation Beaches = Days X Activity X Use Factor

(COMPATRAX Forecasts) Factor

A computer program utilized the COMPATRAX forecast of annual activity
days for swimming in natural environments for each of the reaches and future
years as a basic input. It may be noted that there are no forecasts of
swimming in natural environments for some of the reaches such as RO07. No
public beaches are located in these regions, thus the areas do not attract
public beach use.

The second step in the forecast of projected use was to distribute the
annual activity days provided by the COMPATRAX model into the five summer
months. The Canadian element of the Lake Erie Regulation Study developed a
considerable amount of data for the 10 Canadian reaches. Utilizing these
data, an average rate of swimming activity by month was developed, and
applied to the COMPATRAX annual activity day forecasts for the 17
United States reaches. The monthly factors are shown below:

Months Month Factors

May 0.100

June 0.173

July 0.397

AugusL 0.269

September 0.062

With the COMPATRAX annual activity days distributed by month for future
years, the final step was to parcel out the amount of this monthly use that
might occur on peak days. Daily gate counts at a major United States beach
were used to calculate this factor. Daily and monthly gate counts were
available for the 5-year period 1976-1980. These data were averaged to
determine the amount of the monthly activity that occurred on peak days.
These average coefficients are:

Month Peak Day Factors

May 0.50

June 0.42

July 0.44

August 0.37

September 0.53
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The coefficients show the amount of monthly use that might occur on peak
days during each of the months, i.e., one-half of the May visits can occur on
a Saturday, Sunday, or Memorial Day. These factors were multiplied by the
previously developed matrix to produce the amount of peak use that occurs by
month by reach for each of the future years.

3.2.4 Value of an Opportunity

To make the results of the beaches component comparable with other
aspects of the study, a dollar value was determined for beach opportunities
created or lost due to the regulation plans. In this case, the value of an
opportunity is the sum of the cost of the average distance travelled and the
average weighted entrance fee.

The approach to evaluating an opportunity chosen was, in effect, the
"cost of getting there." While willingness to pay may give a value that is
more reflective of how the people of the study area actually view the oppor-
tunity of going to a beach, these data were not easily and uniformly
available. Data on the cost of travelling plus entering a beach area,
however, were available.

Data regarding origin of day-users by county or municipality were
obtained from two surveys carried out by Parks Planning, MNR; the Wheatley
Provincial Park 1975 Day-User Survey, Report No. 2, and the 1976 Provincial
Park Day-User Survey, Summary Statistical Report. These surveys provided
information on five Provincial parks within the study area: Wheatley, North
Beach, Presquile, Long Point, and Darlington.

Canadian Method: For the purposes of determining distance travelled,
the parks were located on an Official Road Map of Ontario, produced by the
Ministry of Transportation and Communications and the Ministry of Industry
and Tourism. An Alvin 1112 map wheel was used to measure distance travelled
from each origin to each park. Where origins were stated as municipalities,
the road closest to the centre of the municipality was used as the starting
point. In the case of county origins, the principal population centre was
used as the starting point. Where more than one principal population centre
was evident, measurements were taken from the road closest to the approximate
midpoint between or among them. In counties where there was no principal
population centre (incorporated town or larger), measurements were taken from
the road closest to the midpoint of the county.

For out-of-province origins, distance was measured from the point of
nearest entry. Responses in the "Other Canada," the "U. S.," and
"Unspecified" categories were excluded from the distance calculation.

Distance was measured along the shortest route using roads of paved ter-
tiary quality or better.

The distances calculated for each park are listed in Table G-14.
Detailed computations of these distances is given in Annex G.

G-29



- "7.. . .. .. .. 'I  - -L ..

Table G-14 - Travel Distances for Provincial Parks in the Study Area

One-Way : Round Trip

Park : Distance (mi) Distance (mi)

Wheatley : 38 76

Long Point : 70 : 140

Darlington 44 88 I

Presquile 91 182

North Beach 73 : 146

The average round-trip distance travelled is 127 miles.

In determining the value of distance travelled, considerations included
such costs as depreciation and insurance. Although these costs are not as
immediately evident as those such as the cost of gasoline, they nevertheless
are a very real part of the cost of owning and operating a motor vehicle.
The values used in this study were provided by the Canadian Automobile
Association in an April 1979 publication entitled Car Costs, 1979. The
average cost of operating a standard-sized car with an automatic transmission

is 19.6 cents/mile. For a subcompact car with a standard transmission, the
average cost is 17.8 cents/mile. The average of these two values is 18.7
cents/mile. These costs are based on driving 15,000 miles/year and include
fixed costs of insuring, licensing, depreciation, and driving, plus variable
costs of gas, oil, tires, and routine maintenance.

Attendance records from provincial parks indicate the number of occu-
pants to be from 2.8 to 6.2. After consultation with Provincial Parks
Branch, 3.7 was chosen.

The weighted average entrance fee was provided by ORSI. Table G-15
lists these by MNR administrative district.

Subsequent to the completion of the analysis including the calculation
of discounted benefits per regulation plan, adjustments were required both to
consider round-trip distance instead of the one-way distance used initially
and to alter the average cost per mile from the April 1977 value to the June
1979 price. As both these adjustments affect discounted benefits in a linear
fashion, a single factor was applied to the initial results.

The factor was derived by taking the initial value of an opportunity and
dividing this into the adjusted value. The factor used was 2.078 as average
round-trip distance was used for all administrative districts.
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Table G-15 - Weighted Average Entrance Fee by Administrative District

........... .. - . -Weigted Average
MR District Entrance Fee

Chatham 0.72

Aylmer .53

Simcoe .83

Niagara .69

Cambridge .56

Maple .73

Lindsay .57

Napanee .43

Brockvil le .51

Cornwall .40

Table G-16 presents the values of opportunities by administrative
district for both one-way (using April 1977 cost/mile) and round-trip (using
April 1979 cost/mile) distances, using the following:

(average cost per mile) x (average weighted distance
Value of an travelled)
Opportunity (average number of people per vehicle) + (average

weighted entrance fee per person)
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Table G-16 - Value of a Beach Opportunity by Administrative District

: One-Way Round Trip
MNR Administrative : (April 1979 (April 1979

District Cost Per Mile Cost Per Mile)

Chatham : 3.72 7.73

Aylmer . 3.53 7.36

Simcoe 3.83 7.96

Niagara 3.69 7.67

Cambridge 3.56 7.40

Maple 3.73 7.75

Lindsay . 3.57 7.42

Napanee : 3.43 7.13

Brockville : 3.51 7.29

Cornwall . 3.40 . 7.07

Average . 3.60 7.48

Table G-17 is a summary listing of swimming opportunities by selected
MNR districts and selected months. The opportunities represent "actual"
opportunities for the general public on a daily basis.

Some points to bear in mind when interpreting the tabled figures are:

1. All sites with beaches have been included for each district and not
only those which are located directly on the Great Lakes;

2. Factors utilized to calculate the space standard were: 3.5, 7.5,
15, 30, 60, and 100 (midpoints of sunbathing range) multiplied by the
beach length and divided by 100 square eet;

3. The value calculated in (2) was then multiplied by the midpoint of
the range for day-use. These factors were 0, .13, .38, .63, .88, and
1. The latter product was subsequently multiplied by the appropriate
monthly factors for turnover rate, days per month of swimming, and
institutional constraint factor;

4. The average fee was calculated by totalling the fees charged on a
daily basis and dividing through by the number of sites charging
such fees;
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5. The four columns dealing with "sites" will give an indication of
total sites with beaches, the number offering some day-use swimming,
those offering no day-use swimming and day-use sites charging a fee.

6. Present opportunity value has been calculated for each MIR district
based on the total opportunities multiplied by the average weighted
fee and does not represent true value or the value resulting from
the adjusted water levels.

United States Method: Origin areas affecting demand at particular
destination areas (a United States reach) are available from the COMPATRAX
model. This output provides the potential number of visits that is estimated
to be generated by the origin areas. This model, along with average road
mile distances from each origin area to each reach was utilized to determine
the overall travel cost. Average weighted values by reach were utilized,
together with the model's forecast of recreation visits to determine the
total potential benefits that might be generated by beaches along the United
States shoreline.

The value per visit, that was arrived at using the above, is shown in
Table G-18. These values are slightly higher than the average Canadian
value of a recreational beach opportunity. Although there are several pro-
bable reasons for the difference in values, the major reason is the physical
structure of the COMPATRAX model. The COMPATRAX model is essentially a
regional model and enables projecting recreation use from a large number of
demand areas. In this case, the demand areas include several counties deep
along the United States Great Lake shoreline and the Standard Metropolitan
Statistical Areas (SMSA) in the four States. As a result, the SMSA's tend to
dominate the model in terms of demand generated by origin areas.
Essentially, recreation use generated by all SMSA counties, including the
counties between the adjacent lake counties and the more distant SMSA's, was
distributed from the SMSA location points based on their relative size com-
pared to each other. For example, if an SMSA has 50 percent of the total
SMSA population In the State, half of the non-SMSA population is allocated
from this physical location. Thus, while the overall estimates of recreation
use are accurate estimates of future use, the market summaries that were ini-
tially utilized to generate the value of the visit tended to overestimate the
value of recreation visitation. An adjustment was made to correct the
overestimate. The overall weighted average utilizing the COMPATRAX approach
before adjustment was $10.12; and after adjustment was $6.40.
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Table G-18 - Value Per Visit Utilized to Comipute

Benefits for the United States Reaches

Reach C014PATRAX

R008 6.27

R007 -

R006 9.77

2005 7.90

2004 9.09

2003 .7.08

2002 .5.77

2001 10.61

R005--

R004 .3.26

3004 14.91

3003 14.02

3002 .10.48

R003 2.88

3001 .45
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3.2.5 Determining Benefits and Losses

The difference between the supply available due to the plans, and the
basis-of-comparison supply, once a value is attached, is the benefit or
loss due to regulation. The added qualification is that the supply must be
required to meet projected use before it can be considered a benefit.

Canadian Method: For the purposes of this analysis, a model was devel-
oped for the Canadian shore to examine the influences of regulation plans on
supply and demand. This simulation model was run for the three regulation
plans (6L, 15S, and 25N) for the period 1985 to 2035 using each month from
May to September as a separate time period in each year.

Basis-of-comparison water levels from 1900 to 1976 were available for
simulation purposes. Various 51-year sequences of water levels were derived
from these data in order to represent a range of possible real-world con-
ditions for the period 1985-2035. While actual levels and fluctuations in
1985-2035 may be quite different from one of the periods simulated, it can be
expected to most likely be within the range of options simulated.

The major input components of the model included supply, projected use,
and values which have been described in Sections 3.2.2, 3.2.3, and 3.2.4,
respectively. The manipulation of these basic elements of the model to
arrive at a benefit or loss due to one of the regulation plans occurred in
the following manner:

For each simulation period, two units of swimming supply are calculated:

1. Basis-of-comparison supply or supply with no regulation plan.
Basis-of-comparison supply must be calculated for each time period
because water levels differ between time periods; and,

2. additional or lost supply due to the regulation plan.

Figure G-4 illustrates how this is done.

The calculation of basis-of-comparison supply starts with the supply of
swimming on the Great Lakes as specified by ORSI. ORSI supply is revised in
each time period to bring these data to basis-of-comparison conditions.
Revisions follow the method described in Section 3.2.2 and are carried out
for individual beaches. In this case, the change in water level is defined
as water level when supply data were gathered minus basis-of-comparison (BOC)
water level. Thus, for each beach:

Supply revisions = (original water level - BOC water level) X (length)
X (slope) X (supply factors)

Revisions are done for all beaches and then summed for each administra-
tive district.
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Thus, District BOC supply = (ORSI supply) + beaches (BOC supply
revisions)

To continue with the example used in 3.2.2:

BOC supply (length) X (width) X (space standard) X (turnover rate) X
(number of days available in June) X (institutional
constraint factor) = 325 x 100 x (_1) x 1.2 x 14.1 x

.143 = 786 opportunities

Thus, this beach provides 786 opportunities for swimming in June, while

Additional supply = (length) X (width of new beach) X (space standard)
X (turnover rate) X (number of days available in
June) X (institutional constraint factor) = 325 X
(.75 X 5/1.5) X (_1_) X 1.2 X 14.1 X .143 =

100

20 opportunities

The lowering of lake level by .75 foot results in 20 more opportunities
of swimming in June from this beach. The width of the new beach is calcu-
lated by multiplying the change in lake level by the beach's slope. The
beach's slope is derived by dividing the wet beach width, in this case, 5, by
1.5 since wet beach width is the width of wet beach to a depth of 1.5 metres
of water.

A change in additional supply is caused by the water level being raised
or lowered due to a regulation plan and can, therefore, be either positive or
negative. Regulation plans lower or raise the water levels. The amount
water levels are lowered or raised is specified for each of the plans in a
particular format. Annex H specifies the format for these data.

Additional supply is calculated for each beach using the length and
slope of a beach combined with corresponding water level data. The number of
opportunities of supply that the new beach area would provide can be easily
calculated using the supply equation described in 3.2.2. For a given beach:
additional supply = (change in water level due to regulation) X (length) X
(slope) X (supply factors).

The model sums the additional supply for all beaches in each administra-
tive district and then sums this with BOC supply to give total supply.
Opportunities of supply used and benefits are given dollar values and used in
the model.

The major purpose of the simulation model is to determine if benefits or
losses occur due to the regulation plans. If new supply is created and used,
benefits occur, and if new supply is created and not used, no benefits
occur. As much of the new supply is used as is demanded. Conversely, supply
may be decreased by the regulation plan. Losses occur if supply, that would
otherwise be used, is eliminated by the regulation plan.
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The trade-off table (Figure G-5) indicates when benefits or losses occur
with + and - signs. Benefit/loss is calculated on an administr-tive district
basis. Some administrative districts are on more than one lake in which case
benefits occurring in the district are divided among the lakes in proportion
to the current supply on the lakes.

Knowing the amount of supply used provides an idea of the magnitude of
overall benefits i.e., when one knows supply is used, one can consider the
ratio of benefits to supply used. The supply used (Figure G-6) is defined as
the lesser of the demand or of the quantity of benefits plus BOC supply.
Supply used is equivalent to the demand that is satisfied for each admin-
istrative district.

Opportunities of supply used and benefits are given dollar values and
discounted as shown in Figure G-6 on a yearly present value basis and summed
across years. A discount factor of 8.5 percent and a base year of 1985 are
used. Thus, for a given year: Present Worth Factor = (l/(l+.085))n where
n = given year - base year.

United States Method: The methodology used to evaluate U.S. beaches
implies that at "0" water level, no losses or benefits are incurred. Losses
were measured as the loss of user-days that might occur as a lake rises and
beach area is covered by water. Benefits, on the other hand, are the addi-
tional user-days accommodated by expanding beach areas as the water level is
lowered.

To evaluate the potential benefits or losses associated with
recreational beaches, the value of the potential available supply and demand
by reach was estimated and compared at various lake levels. For the purpose
of this analysis, a common reference lake level was established ("0" fluc-
tuation level) for each water body; all subsequent analyses related to seven
different water levels above and below this "0" level (with the range
extending from +4 to -6 feet).

Because the recreation inventory took place over a 3-month period, and
the lakes and connecting waterways did not maintain a constant water level
during this period, all beaches in the study area were adjusted to the common
reference level for the reach where they were located. Since the time of day
and date were specified on each inventory form, it was possible to determine
the exact water level at the nearest gaging station during the time of the
inventory. The first step in the lake level analysis, therefore, was to
adjust each beach area measurement from the level at the time of inventory to
the appropriate reference water level. The reference water levels for each
reach are listed in Table G-19.
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Table G-19 - Reference Water Level and Gaging Stations for
United States Reaches

: Reference Level : Gaging Station

St. Lawrence River : R008 : 241.8 : Morrisburg, Ontario
: R007 : 243.3 : Cardinal, Ontario
: R006 : 244.9 Ogdensburg, NY

Lake Ontario : 2005 : Cape Vincent, NY
: 2004 : Oswego, NY/Cape Vincent, NY/
* Oswego, NY
: 2003 : Oswego, NY
: 2002 : 245.5 Rochester, NY
: 2001 : Olcott, NY
: R005 : Olcott, NY

Niagara River R004 563.9 Tonawanda Island, NY

Lake Erie 3004 Buffalo, NY/Erie, PA 1/
3003 Cleveland, OH
3002 571.3 Marblehead, OH/Toledo, OH 1/
3001 Toledo, OH

Detroit River R003 573.1 Ft. Wayne, MI

Lake St. Clair R002 574.1 St. Clair Shores, MI

St. Clair River RO01 575.9 St. Clair, MI

1/ In some instances, two gages were within the same reach. In these
instances, the closest gaging station was used.

For example, beach number 35, near Buffalo, NY, (reach R004) was inven-
toried on 27 June 1979. The water level on that date was 564.6 feet (as
recorded at Tonawanda Island, NY, gaging station). In comparing this to the
reference water level, this water level on that date was 0.7 foot higher.

Adjusting the beach areas to a single point in time (reference water
levels) was done in two steps. The first step was to compute the area of dry
beach when the lake/waterway is at the reference level. In the simplest of
terms, this is a (length) X (width) measurement for each facility. In order
to compute this factor, the length of all public and community beaches in
each reach was summed. If measurements were unavailable for a particular
beach, the average length of beach for the total reach was applied to the
missing facility. Next, the average width of beaches for the total reach was
multiplied by the length estimate in the reach to determine the total area in
beaches by reach. Before this was done, however, the width measurements were
adjusted to the reference water level. This was accomplished by computer
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technique through a simple series of calculations using trigonometric
functions. The graphic presentation below shows the similarity between the
dry beach measurements and a right triangle:

JC 

c

Using average measurements throughout the reach, the following trigono-

metric functions were calculated:

1. Determine average angle e and width (c) for sample points.

2. Compute a:

sini = a/c
a = sinat x c.

3. Adjust a to reference level: al= a+ (measured level - reference level)

4. Compute the average width of the dry beach (reach, lake, or total
population) for the reference level:

sin at = a'/c'
c" = a'/sind(c', being the computed value of the dry beach

width).

The resulting adjusted width of dry beach was then multiplied by the
length of the public and community beaches in each reach. This provided an
estimate of the total area of dry beach by reach at the reference level ("0"
water level fluctuation). This value could then be evaluated in terms of
changing water levels.
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The graphic presentation below shows the similarity between the wet
beach measurements and a right triangle. Again, using trigonometric
functions, the width of the wet beach could be calculated when the lake is at
the reference water level. These calculations are shown below:

1. Determine average depth (x) and distance from the waterline (y) for
sample points.

2. Compute width of wet beach:

z =,x2+ y2.

3. Substituting values, compute sinO:

stnfi = x/z.

4. Finally, compute width of wet beach at reference water level (z').

zI= x'/sin.0; where x' = x+ (reference level - measured level).

If the lake level is raised above the reference level, then the change
between the wet beach width at the reference water level and the new level
(the difference) would be the width of beach lost. If the lake level is
lowered, then the change between the wet beach width at the reference level
and the new water level would be the width of beach gained.

The final step in the analysis of impacts in water level changes was to
determine the change in beach width by applying this change in wet beach
widths to the dry beach width previously computed. The new beach areas could
then be established for all reaches at the selected water levels. The total
length of public and community beaches was multiplfed by the new beach widths
at the various water levels. Annex D presents the type of information
available for each reach. (In that annex, the top part of the tables show
the average length and width along with the number of beaches in the sample,
the standard deviation, and the total length of beaches in the reach. The
lower part of the tables show the change in the average width, as well as the
total area with changing water levels. The information in these tables was
utilized in the subsequent economic impact analysis).
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There are two separate phases associated with the development of bene-
fits generated at the various water levels in the U.S. reaches. The beaches
have the capability of accommodating a given level of use. This capability
is determined by the area of beach, which in turn is affected by the water
level. As shown in Section 3.2.2, other influencing factors include the
degree of crowding users are willing to endure (the space standard), the
number of times a beach area can be utilized more than once during a day,
(the turnover rate), and the number of peak days of use in a given period of
time (weekend days and holidays per month). Peak days are also affected by
both recreation utilization patterns, i.e., the standard workweek and leisure
time availability, and weather. The supply portion of the analysis is basi-
cally a determination of the supply capability (how much use beaches are
capable of providing). The second phase of the analysis was to determine the
amount of use for beaches. Projected use is affected by the growth in
swimming activity, the month that the activity usually occurs, as well as the
time of the week that participation occurs.

Both the supply capability, and the levels of projected use (by reach,
month, and water level) were multiplied by the previously developed COMPATRAX
values to determine the stage value relationship (or water level vs. value)
of beaches (supply capability) and potential benefits of recreation beaches
(projected use for beaches).

The stage-value (supply) that might be provided by the recreation
beaches for each reach is shown in Annex I. The results are based on
COMPATRAX values. The fluctuation in potential value of beaches by month
results from the fluctuation in the number of peak days the beach might be
used during the highest use days of the season, The fluctuation of potential
values within a given month varies with changes in water levels. It may be
noted that the higher the water level, the lower the value because less beach
is available for use. The opposite is true with lowering the water levels,
hence a higher value.

Annex J shows the potential benefits that would be generated for beaches
in the study area in terms of COMPATRAX values. In that annex, values
corresponding to projected use are presented by reach in terms of month and
future year. The previously described COMPATRAX model was utilized to fore-
cast recreation participation in each one of the reaches. Using the pre-
viously described equation, annual recreation occasions of swimming were
converted to monthly swimming occasions occurring on peak days.

A comparison of regulation plans and basis-of-comparison was done as
follows. Water levels were derived for Lakes Erie, Ontario, and St. Clair,
as well as at index points of reaches on the interconnecting channels.
Water levels were generated for the period 1900-1976 under basis-of-
comparison, 6L, 15S, and 25N regulation plans. These levels or stages were
then ranked from lowest to highest, and stage-duration curves were developed
for each water body. Basically, this measures the probability that a water
level will be equalled or exceeded. Stage-value relationships (by reach and
decade) were coupled with each duration curve, to calculate the expected
annual value for each plan (i.e., BOC, 6L, etc.) by reach and month.
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The expected annual value is the frequency weighted sum for the full
range of values from expected water levels and can be viewed as what might be
expected to occur in any present or future year. Expected annual values are
computed for each input data year (1985-2035) by first computing a value-
frequency relationship from stage, frequency (duration), and value data for
each month, reach, and regulation plan. Each value is then weighted
according to its percent chance of occurrence.

Within the period of analysis, expected annual value is computed for
each year. This is done by first computing expected annual values for the
base year (1985), and each decade year (every 10 years from the beginning of
the operation). Between any pair of input data years, the stage-value data
are calculated by linear interpolation. Expected annual values are then com-
puted for each year of the period of analysis. i

Each year's expected annual value, which is assumed to occur at the end
of the year, is discounted back to the beginning of the base year, then amor-
tized for the period of analysis. The discounting equation used is

p 1

where:

p = Present amount (at beginning of bas year) of some future amount.

f = Future amount.

n = Number of years the future amount is from present.

i = Discount rate (8.5%).

The present amount of all future amounts over the period of analysis is
amortized using the equation

A i (1+i) n

T =  (Ii"- i(Capital Recovery Factor)

where:

A = Equivalent annual amount.

P = Present amount (at beginning of base year).

n = Period of analysis (50 years).

i = Discount rate (8.5%).

This procedure yields equivalent average annual values for each plan by
month (May through September) and reach. The difference in equivalent
average annual values (i.e., 6L-BOC, 15S-BOC, etc.) produced the
benefits/losses to each plan.
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Comparison of Methods: The variability of data available in the
United States and Canada has led to some subtle differences in methods
employed to obtain the benefits/losses on recreational beaches under the
regulation plan alternatives. Annex K contains detailed results of Canadian
stage-value data for the Canadian Lake Erie reaches (Niagara, Simcoe, Aylmer,
and Chatham) combined with stage-duration data used in the U.S. method.
Average annual benefits for the 25N Plan (Category 2), using the U.S. method
for Canadian reaches on Lake Erie are $1,525,000. This compares to 3 percent
less benefits obtained using the Canadian "simulation" method ($1,566,000).
This small difference is well within the expected accuracy of either method
and, therefore, both methods are considered reasonable for the purposes of
this study.

3.3 Benefits and Losses

Tables G-20, G-21, and G-22 summarize the results of the analysis of the
regulation plans under Categories I and 2 against the basis-of-comparison and
Category 3 against the basisof-comparison and adjusted basis-of-comparison,
respectively. Impacts of the regulation plans are presented in net present
worth and equivalent average annual values expressed in July 1979 dollars.
All plans show a negative impact or loss for reaches on Lake Ontario. This
is expected as the passage of additional water from Lake Erie raises slightly
the level in Lake Ontario causing a reduction in beach area.

The greatest benefits would occur on Lake Erie. Plan 25N would result
in significant overall benefits as compared to the 15S and 6L Plans. The
plan with the least impact, 6L, is of such magnitude that the inaccuracy of
components used in calculating the results may well be of such a nature as to
preclude a conclusion one way or the other.
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Section 4

RECREATIONAL BOATING

4.1 Introduction

4.1.1 The Study Area

The study area for this evaluation extends along the United States

shoreline of Lakes Erie and Ontario and the interconnecting waters between
Massena, NY, and Port Huron, MI. The interconnecting waters include the
St. Lawrence River, Niagara River, Detroit River, Lake St. Clair, and
St. Clair River. The study area was divided into the 17 reaches used by the
U.S. Coastal Zone Subcommittee. The selection of the reach areas was based
on similar geomorphic characteristics. The study area and reach limits are
illustrated in Figure G-7.

4.1.2 Overall Concept

Major changes in water levels affect recreational boating activity. The
type of impacts measured in this study are effects on recreational boating
resulting from owners being prevented safe ingress/egress from the boat slips
or moorings due to insufficient depths. Though it is recognized that
"damages" to boating activities may result from water levels too high for
boat owners to safely use their crafts (e.g., inundated docks), this analysis
only considers the effects of low water level "damages". Also, property
damage resulting from high water are not included in this evaluation. These
storm damages were considered by the Coastal Zone Subcommittee (see Appendix
C, Coastal Zone). Furthermore, this analysis considers only the effects of
water level fluctuations on recreational boating for activities originating
at commercial facilities (e.g., marinas). Boats berthed at private
residences, summer cottages, etc. are not considered in this analysis.

Impacts to recreational boating which result from limited regulation of
Lake Erie are calculated as the difference in "damages" resulting from any
particular lake regulation plan and those "damages," if any, which would
occur with basis-of-comparison and adjusted basis-of-comparison conditions.

4.1.3 The Inventory

The inventory was conducted from mid-June through mid-September of 1979.
The inventory included interviewing facility operators/managers and
collecting boating facility measurements.

A total of 662 boating facilities were identified in the study area.
The bulk of these (over 90 percent) are in private ownership, with municipal
and State Governments owning most of the remaining facilities. Almost all of
the boating facilities (93 percent) are in private management. Some of the
boating facilities on public lands are operated by private concessionaires
under lease with the Government.
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The following procedure was utilized to collect the information
regarding boating facility measurements. After the interview had been
completed, the crews evaluated the marina area which includes moorings and
berths/slips. A random sample of 10 percent of the moorings and slips were
selected for measurements. In the case of the moorings, the interviewers
often asked the facility operator to take them by boat to determine boat
class/length and license numbers, as well as depth and bottom material of the
moorings.

The interviewers used the following procedure in collecting the
mooring/slip information. For example, suppose a facility contained 100
slips. The crews obtained slip depth, boat class/length, and license number
at 10 random slips. At each selected slip the water depth was taken. The
day and time of each depth reading was also recorded in order to relate
actual water level readings at the closest gage station. The actual measured
depths at the various boat slips were determined through the use of gage
stations adjusted to a common reference level. The gage stations used
throughout the study area were the same as were used for the beach evaluation
of U. S. reaches (see Table G-19).

While the crews were at the slip, boat length/class and license number
of the boat occupying the slip were also recorded. If the slip did not con-
tain a boat, the boat length/class and license number of a boat in the
nearest slip was noted.

A questionnaire was used to obtain information concerning the capacity
and utilization of boating facilities. A total of over 52,000 wet
berths/slips are located throughout the study area; there are over 700
moorings (see Table G-23). Over 40,000 boats can be stored on the property
of these boating facilities. Almost half (319) of the facilities have some
type of launch ramp and most of the facilities (466) have some type of hoist
to accommodate boaters' needs. The operators in the study area indicate that
the occupancy for the wet berth/slips is 87.6 percent. This means that
almost 46,000 of the available slips are utilized during the boating season.
A total of 81.1 percent of the moorings are occupied (over 600). Over half
of the marina owners (54.2 percent) indicate they set aside slips for tran-
sient use; this is nearly seven slips and/or moorings per facility available
for transient use. A total of 43 percent of the operators indicate they have
an agreement with regular renters to use their slips or moorings for tran-
sients when they are not in use by the regular renter.

G-53



Table G-23 - United States Boating Facility Capacity

: Lake Erie: Lake
Lake : (includes: Ontario

:St. Clair : Detroit & (includes
:(includes : Upper : Lower : Total
:St. Clair : Niagara : Niagara :St. Lawrence: Study

River) : Rivers) : River) : River Area

Wet Berths/Slips : 11,215 33,522 : 6,141 : 1,304 52,182

Moorings 0 : 225 : 517 : 0 : 742

Dry Storage : 11,400 : 23,066 : 4,997 : 894 : 40,357

Launch Ramps 35 : 186 : 80 18 : 319

Launch Capacity
(Boats/Hr.) : 329 : 1,415 : 642 : 148 : 2,534

Ramp Parking Spaces: 1,671 : 8,236 : 5,148 836 : 15,891

Hoist : 133 : 241 : 72 : 20 : 466

In Table G-24, a breakdown of the results of the inventory is presented
both in terms of slip size and number of craft moored. It also shows the
mean length of the slip classes. In general, there appear to be larger num-
bers of small boats in the fleet compared to available slips less than 26
feet in size. There are 2,742 boats less than 26 feet long and only 1,630
slips available for this size class, a shortage of 1,112 slips. It was also
noted that in the larger classes, there were fewer boats than available
slips. Obviously, owners have the flexibility of utilizing these large slips
for small boats.

Table G-24 - Utilization of Marina Slips by Size Class

Inventoried : Number : Additional
Marina : of Craft : Craft to be : Mean Length
Slips : in Slips : Accommodated : (Feet)

Less than 16 Ft. : 265 280 : -15 : 11.8

16 to 26 Ft. : 1,365 : 2,462 : -1,097 : 21.4

26 to 40 Ft. : 2,127 : 1,647 : 480 : 31.3

40 to 64 Ft. : 751 : 127 624 : 44.2

64 Ft. and Up : 11 : 3 : 8 : 72.7
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Based on the 10 percent random sample, the fleet mix was established for
the study area. Since some facility owners could not be contacted to obtain
permission to conduct the inveitory, the information for all facilities was
not available. Utilizing the survey results, the total number of slips was
estimated in the study area. The fleet mixes were adjusted for both the wet
berths/slips and moorings using the previously mentioned occupancy rate. The
fleet mix of wet berths/slips for the study area is shown in Table G-25. A
total of nearly 55 percent of the boats are in the 16 to 26 foot class, with
over 35 percent in the 26 to 30 foot class. Over two-fifths (44.4 percent)
of the boats are of either the outboard, inboard/outdrive, or inboard class.
One-fifth (19.1 percent) of the boats are either sailboat or auxiliary
sailboats (with engine). Over one-third (34.9 percent) are some type of boat
with overnight cruising facilities. The remainder are either houseboats,
pontoon boats, or some form of other craft.

Table G-25 - Fleet-Mix, Wet Berths/Slips

: Less Than : 16 to : 26to : 40to : 64-and :
16 Ft. : 26 Ft. 40 Ft. : 64 .t. : Over : Total

Outboard 2,821 3,607: 31 21 0 6,480

Inboard/Outdrive 440 11,565 933 : 0 0 12,938

Inboard 73 3,051 661 : 0: 0 3,785

Sailboat 9 94 : 493: 524: 42 : 0 1,153

Aux. Sailboat 115 : 4,666 : 3,911 157 0 8,849

Cruiser : 21 : 5,064 : 11,775: 1,038: 21 : 17,919

House/Pontoon : 0 94 : 619 : 147 : 0 : 860

Other : 136 : 42: 63: 10: 10 : 261

Total 3,700 : 28,582 : 18,517 : 1,415 : 31 : 52,245

The fleet mix of the moorings is shown in Table G-26. A total of 650
boats are moored in the study area with the bulk of these (51.4 percent)
being 26 feet or larger. Nearly all (92.3 percent) are either sailboats or
auxiliary sailboats.

Utilization and depths at berths/slips and moorings statistics by reach
are shown in Annex L, Descriptive Recreational Boating Statistics. The
detailed field inventory data are on file at the Corps of Engineers, Buffalo
District Office.
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Table G-26 - Fleet-Mix, Moorings

* Less Than : 16 to : 26 to : 40 to : 64 and :
* 16 Ft. : 26 Ft. : 40 Ft. : 64 Ft. : Over : Total

Outboard 10 : 0: 0 0 0 10

In/Outboard 0 : 10 : 0 0 0 10

Inboard 0 : 10: 0 0 0 10

Sailboat 0 : 38: 29 0 U 67

Aux. Sailboat 10 : 228: 295 0 0 533

Cruiser 0 : 10: 10: 0: 0 20

House/Pontoon 0 : 0: 0 0 0 0

Other 0: 0: 0 0: 0 0

Total 20 : 296: 334: 0 0 650

4.2 Methodology

The method employed to calculate benefits and losses of the three regu-
lation plans on recreational boating is explained in detail in three separate
sections: Stage-Damage Relationship (4.2.1); Stage-Duration Relationship
(4.2.2); and, Average Annual Damage Computation (4.2.3). The stage-damage
relationship is the measurement of the effects of various water levels on
boating use. If the water level as measured at a gage station on a par-
ticular day indicates that the average depth is 4 feet at the berths in a
particular harbor, then it is assumed that any boat which drafts less than 4
feet can enter and leave its berth while a boat with a draft of 4 feet or
greater would be unable to safely leave or enter its berth. The small boat
formula- relates these impacts to dollar values. This evaluation technique
is described below:

Small Boat Formula -- The "small boat formula" is described as follows:
"Boat owners are assumed to receive nonmonetary returns in the form of
boating enjoyment that would be equivalent to the rate of return on invest-
ments of comparable size in the 'for hire' boating sector and the absence of
impediments to boating." The investment upon which the calculations are made

.1/ Derived from U.S. Army, Corps of Engineers, "Survey Investigation and
Reports--Benefit Evaluating and Cost Sharing for Small-Boat Harbor
Projects," EM 1120-2-113, June 11, 1959.
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is based on the depreciated value of the fleet, which is taken to be equal to

50 percent of the purchased price where:

- Average age of a boat in the fleet is n/2 (n = life of the asset); and

- Straight line depreciation is used.

These calculations are carried out for all classes of boats that are based at
the marina facilities.

Stage-duration is a measure that relates the probability of each water level
occurring or being exceeded. Stage-duration relationships were developed for
each of the regulation plans and for the basis-of-comparison for each water
body in the study area. Each stage-duration relationship is derived from
water level data from May through September for the period 1900-1976. It is
assumed May through September, inclusive, represents the recreational boating
season throughout the study area. Though recreational boating occurs as
early as April and as late as October, many studies indicate that boating in
these months (April and October) accounts for a negligible portion of total
boating activity.

The third component, the average annual damage computation, represents
the integration of the stage-damage and stage-duration relationships. This
computation measures the damage that would be expected to occur in any one
year. Average annual damage is computed using associated stage-duration
relationships for each of the regulation plans and for the
basis-of-comparison. The difference in average annual damages under each
regulation plan and the basis-of-comparison produces the benefits or losses
associated with each regulation plan.

4.2.1 Stage-Damage Relationship

Stage-damage curves were developed using data gathered from the inven-
tory along with recreational boating data compiled by the U.S. Army Corps of
Engineers, Buffalo District. Table G-27 lists each data input used in the
analysis and its source.

The stage-damage computations are presented by reach in Annex M.
Table G-28 illustrates for example the computation for reach R003. The
inventory provided the average slip/berth depths and average mooring depths
by reach along with fleet mix distribution by reach. The number of vessels
in each class and length category are listed in descending order by required
draft. The average depreciated values are multiplied by the number of
boats within each class and the product is mul *plied by the corresponding
average rate of return for the class of boat. D This product (shown in the

I/ The tables containing average depreciated boat values by class and length
and rate of return schedule by class are presented in Annex L, Descriptive
Statistics.
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Table G-27 - Stage-Damage Input Data

Data . Source

1 : Average slip/berth and mooring : Inventory conducted by Midwest
: depths by reach. : Research Institute (MRI), 1979.

2 : Class/length fleet mix distri- Inventory conducted by MRI, 1979.
: butions at slips/berths and
: moorings by reach.

3 : Average depreciated boat value USAED Buffalo, 1979J
: matrix by class and length.

4 : Average draft matrix by class USAED BuffaloJ
: and length.

5 : "Rate of Return" matrix by Small Boat FormulaVJ
: class.

6 Growth factor matrix. MRI Gravity Demand Modeli

1/ Average boat values were derived by taking an average of half the F.O.B.
prices for 1977 boats by class and length listed in the 1978 Blue Book
Trade In Guide, ABOS Marine Publications Division, and updated by price
level.

2/ Average draft matrix was developed for previous Buffalo District small
boat harbor reports from Empirical data and interviews.

3/ Rate of return matrix was calculated using average rates of return by
class used in previous Buffalo District reports under guidance from EM
1120-2-113, June 11, 1959.

4/ Growth factor matrix developed by Midwest Research Institute. See
Annex 0.
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Table G-28 Stage-Damage Computation, Reach R003

WATERWAY Detroit River
REACH R003 BERTH/SLIP X
AVERAGE DEPTH 6.2 MOORING
ZERO REFERENCE WATER LEVEL 573.1

:Depreciated: Total : Cumulative : D Damage : Water
Required: : : : Value :Rate of: Return : Retutn :Available: (1980) : Level
Draft : Class Length :Number: 1980 :Return : 1980 : Value!/ : Depth ($000) : (IILD)

(feet): : : : ($000): ($00):

6.0 :Sail :40-64: 0: 12,890 :.10 0: 0 : 5.2: :

6.0 : Aux Sail :40-64 56: 58,040 .075 243.8: 243.8: 5.2 : *

6.0 : Cruiser : >64 : 11: 250,000 : .075 : 206.3: 450.1 : 5.2 :

6.0 :Other : >64: 0: 150,000 :.10 : 0: 450.1 :5.2 :

5.5 Cruiser : 40-64 : 189 : 69,500 : .075 985.1 1,435.2 5.2 1,435.2: 572.1

5.0 : Sail : 26-40 : 11 : 7,890 .10 8.7 : 1,443.9 : 4.2

5.0 : Aux Sail :26-40 : 289: 20,090 .075 : 435.4: 1,879.3: 4.2

5.0 : House/Pontoon: 40-64 : 33 : 25,500 : .10 : 84.2 : 1,963.5 : 4.2

5.0 : Other :40-64 : 0: 34,430 : .10 : 0 : 1,963.5: 4.2 : 1.963.5: 571.1

4.0 : Sail : 16-26 : 56: 3,890 .10 : 21.7: 1.985.2: 3.2

4.0 : Aux Sail : 16-26 : 545: 9,500 : .075 : 388.4: 2,373.6: 3.2 : .

4.0 : Cruiser : 26-40 :1,268 : 24,340 : .075 :2,314.7 : 4,688.3 : 3.2

4.0 : House/Pontoon: 26-40 : 56 : 15,500 : .10 : 86.8: 4,775.1 : 3.2

4.0 : Other : 26-40 : 0: 13,870 : .10 : 0 : 4,775.1 : 3.2

3.5 : Cruiser : 16-26 : 311 : 7,770 : .075 : 181.2 : 4,956.3 : 3.2 : 4,956.3: 570.1

3.0 : Cruiser : <16 : 0 : 5,200 .075 0 : 4,956.3: 2.2

3.0 : House/Pontoon: 16-26: 0: 3,500: .10 : 0: 4,956.3 :2.2 :

3.0 :Other :16-26 : 0: 6,050 : .10 : 0 : 4,956.3: 2.2

3.0 : In/Out : 26-40 : 78 : 10,530 : .125 : 102.7 : 5,059.0 : 2.2

3.0 : Inboard : 26-40 : 33 : 13,530 : .10 : 44.6 : 5,103.6 : 2.2

2.5 :Sail : <16: 0: 880 :.10 : 0: 5,103.6: 2.2 :

2.5 :Aux Sal : (16: 0: 1,280 :.075: 0: 5,103.6 :2.2 :

2.5 : In/Out : 16-26 :1,168 : 6,180 : .125 : 902.3 : 6,005.9 : 2.2

2.5 : Inboard : 16-26 : 89: 8,300 : .10 : 73.9: 6,079.8: 2.2

2.5 : Outboard :40-64 : 0: 6,200 : .125 : 0 : 6,079.8: 2.2 :6,079.8: 569.1

2.0 :Inboard : <16: 0: 5,200 :.10 : 0: 6,079.8 :1.2 :

2.0 :Other : 16 : 0 : 2,920 :.10 : 0 : 6,079.8 : 1.2 :

2.0 :Outboard :26-40 : 0 : 5,200 :.125 : 0 : 6,079.8 : 1.2 :

1.5 :Outboard ( 16 Ill1 1.160 :.125 : 16.1 : 6,095.9 : 1.2 :

1.5 In/Out : <16: 0: 3,800: .125: 0: 6,095.9: 1.2 :

1.5 Outboard : 16-26 : 22: 3,180 : .12t : 8.7: 6,104.6: I.Z :6,104.6: b68.1

I/ Cumulative totals may not add due to rounding.
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column entitled "Total Return") reflects the estimated total value of the
boating experience for an entire boating season by class/length and reach.
The example for reach R003 lists a total of 67 boats (56 aux. sail: 40'-64'
and 11 cruisers: > 64') which require a draft of six feet. The total value
returned to the owners of these vessels for one season is calculated as
$450,100 ($243,800 + $206,300). In the same reach there are 189 cruisers:
40'-64' which require a draft of 5.5 feet. The total return to this
class/length is calculated to be $985,100 for the season.

The average depth of berths/slips in reach R003 is 6.2 feet at the
reference water level of 573.1 IGLD. If the water level remained at 573.1 on
reach R003 for the entire boating season, boat owners would enjoy the total
return value of their boating experience for the season. It then follows
that there are no "damages" at 573.1. "Damages" for an analysis such as this
are not physical damages. They are the value of foregone recreational
experiences due to insufficient depths for vessel use. If, however, the
water level remained at 572.1 in reach R003 (one foot lower than the
reference water level) throughout the boating season, the average available
depth at berths/slips would only be 5.2 feet. Recreational craft berthed at
this reach with required drafts of 5.5 and 6.0 feet would not be able to
enter or leave their berths and damages totaling $1,435,200 would result
($450,100 + $985,100 per draft class respectively). A complete stage-damage
relationship is developed by recording the total damage that would occur at
various levels below the reference water level. Table G-29 provides a sum-
mary of stage-damage relationships for each reach.

4.2.2 Stage-Duration Relationship

The stage-damage curve developed in the previous section is a static
relationship. The example used in the previous section illustrates the total
damages that would occur if the water level remained constant for an entire
recreational boating season. Of course, this is an unrealistic situation in
that water levels are fluctuating continuously. This section relates this
phenomenon and addresses water levels as a dynamic variable. Stage-duration
curves, displaying the likelihood of equaling or exceeding a given level for
each reach, were developed for each of the regulation plans and the basis-of-
comparison.

Monthly mean water levels were obtained for the recreational boating
season (May through September) for the period 1900-1976 under basis-of-
comparison, and 6L, 15S and 25N regulation plans. Levels were ranked from
highest to lowest and assigned a probability based on the percent of time
each level was equalled or exceeded during the period of record. Stage-dura-
tion curves derived for Lake Erie which compare the basis-of-comparlson vs.
the regulation plans are illustrated in Figures G-8, G-9, and G-10. A
complete listing of stage-duration data used in the evaluation are presented
in Annex N, entitled Stage-Duration Data.

4.2.3 Average Annual Damage Computation

Average annual damage is the measure of damages to recreational boating
that on average can be expected to occur in any year. It is calculated by
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combining the stage-damage relationship by reach with the stage-duration
relationship by regulation plan and reach. This is the damage corresponding
to each water level weighted by the percent chance of each water level
occurring. (Thus, the damage associated with a rarely occurring water level
is weighted less.) The sum of the weighted damages represents the expected
annual damage to recreational boating. This is accomplished utilizing the
generalized computer program, Expected Annual Flood Computation,
761-X6-L7580, June 1977, developed by the Hydrologic Engineering Center
(HEC), Davis, CA. Existing average annual damages by plan and reach are pre-
sented in Tables G-30, G-31, and G-32.

The stage-damage relationship presented in Section 4.2.1 represents
damages to recreational boating based on existing facilities utilization
(1980). The demand for berth/slips and moorings at existing commercial faci-
lities within the study area is projected to increase in the future. It
follows that damages to recreational boating would increase in future years.
Future utilization is determined using a gravity demand analysis. The grav-
ity model is calibrated around the present supply of commercial marina slips
for each reach. The inputs include population forecasts, growth in boat
registration, distance from market areas to the marina facilities in the
reaches, market penetration rates, and moorage capacity in the reaches. The
increase in damages is projected by reach and decade for the 50-year project
evaluation period. Damages are first projected to 1985 (project year 0).
Factors are then developed to calculate the equivalent average annual damages
by reach and plan. These factors, along with their calculations, are shown
in Table G-33. Equivalent average annual damages by reach and plan are pre-
sented in Tables G-34 through G-36. This equivalent value represents a uni-
form distribution (the same each year) of annual values and is computed by
discounting and amortizing each year's expected annual damage value over the
period of analysis (1985-2035). The discounting and amortization takes into
account the time value associated with damage values in future years. The
discount rate used in these calculations is 8-1/2 percent. A more thorough
explanation of the gravity demand analysis is contained in Annex 0.

4.3 Benefits and Losses

Benefits or losses to recreational boating are calculated as the dif-
ference in equivalent average annual damages under basis-of-comparison and
adjusted basis-of-comparison conditions and those under each of the regula-
tion plans. Equivalent average annual benefits and losses by plan and reach
are listed in Tables G-37, G-38, and G-39. All three regulation plans, 6L,
15S, and 25N, result in a net loss for the entire study area. Regulation
plan 251N would produce the greatest loss: $2,981,000 equivalent average
annual losses under Category 2.
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Table G-30 - Existing Average Annual DamagesY! by Plan and Reach ($000)
Category 1 _

Damages (1980)
Reach BOC 6L 15S 25N

St. Lawrence3/
Ogdensburg

R006 302.59 : 307.53 : 313.42 302.29

Lake Ontario
2005 : 89.34 : 71.51 : 97.35 : 101.68
2004 : 0 : 0 : 0 : 0
2003 43.99 : 35.93 : 48.36 : 55.26
2002 169.63 : 149.53 : 173.59 : 167.87
2001 22.74 : 18.82 : 25.13 : 30.28

Sub Total : 325.70 : 275.79 344.43 : 355.09

Lower Niagara
RO05 0: 0: 0: 0

Upper Niagara
R004 12.23 11.80 : 13.76 : 12.54

Lake Erie
3004 7.48 : 8.04 : 8.98 : 15.91
3003 : 361.24 : 419.34 : 448.34 : 671.48
3002 : 1,515.12 : 1,714.87 : 1,829.32 : 2,669.72
3001 : 897.62 : 1,007.45 : 1,068.55 : 1,375.61

Sub Total : 2,781.46 : 3,149.70 : 3,355.19 : 4,732.72

Detroit River
R003 : 437.36 : 440.21 : 484.70 : 669.64

Lake St. Clair
R002 : 1,421.49 : 1,501.82 : 1,636.91 : 1,944.25

St. Clair River
RO01 : 138.99 144.00 : 156.39 : 182.52

Grand Total : 5,419.82 5,830.85 : 6,304.80 : 8,199.05

1/ To convert to present worth, multiply by factor of 11.5656.
T/ Lake Ontario regulated as described under the BOC with deviations.
3/ There are no damages associated with boating on St. Lawrence River reaches

R007 (Cardinal) and R008 (Morrisburg).
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Table G-31 - Existing A 7rage Annual Damages./ by Plan and Reach ($000)
Category 2i

Damages (1980)
Reach : BOC 6L : 155 : 25N

St. Lawrence ::
Ogdensburg

R006 301.23 298.25 288.00 283.77

Lake Ontario
2005 88.92 : 72.56 : 73.95 : 68.20
2004 0 : 0 : 0 : 0
2003 43.77 : 34.88 : 33.62 : 32.24
2002 : 168.72 : 155.10 : 160.59 : 150.26
2001 22.61 : 17.74 : 16.42 : 16.21

Sub Total 324.02 280.28 284.58 : 266.91

Lower Niagara
RO05 : 0: 0: 0

Upper Niagara
R004 12.23 11.80 13.76 12.54

Lake Erie
3004 . 7.48 : 8.04 : 8.98 : 15.91
3003 361.24 : 419.34 : 448.34 : 671.48
3002 : 1,515.12 : 1,714.87 : 1,829.32 : 2,669.72
3001 : 897.62 : 1,007.45 : 1,068.55 : 1,375.61

Sub Total : 2,781.46 : 3,149.70 : 3,355.19 : 4,732.72

Detroit River :
R003 : 437.36 : 440.21 : 484.70 : 669.64

Lake St. Clair
R002 1,421.49 : 1,501.82 : 1,636.91 : 1,944.25

St. Clair River
RO01 138.99 144.00 : 156.39 : 182.52

Grand Total : 5,416.78 : 5,826.06 : 6,219.53 : 8,092.35

1/ To convert annual damages to present worth, multiply by factor of 11.5656.
7/ Lake Ontario regulated in strict accordance with a modified version of

Plan 1958-D.
3/ There are no damages associated with boating on St. Lawrence River reaches

R007 (Cardinal) and RO08 (Morrisburg).
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Table G-32 - Existing A qrage Annual DamagesY. by Plan and Reach ($000)
Category3.

Damages (1980)
Reach BOC 6L 15S 25N

St. Lawrence23/
Ogdensburg

R006 307.15 309.74 300.17 290.00

Lake Ontario
2005 74.03 74.86 84.75 70.17
2004 0 0 : 0 : 0
2003 35.54 34.68 : 40.56 : 31.76
2002 159.46 160.17 : 166.93 : 154.03
2001 18.06 17.18 : 20.56 : 15.46

Sub Total 287.09 286.89 312.80 271.42

Lower Niagara
RO05 0 0 0 0

Upper Niagara
R004 12.23 11.80 13.76 12.54

Lake Erie
3004 7.48 8.04 8.98 15.91
3003 361.24 : 419.34 : 448.34 : 671.48
3002 1,515.12 : 1,714.87 : 1,829.32 : 2,669.72
3001 . 897.62 : 1,007.45 : 1068.55 : 1,375.61

Sub Total 2,781.46 3,149.70 3,355.19 4,732.72

Detroit River
R003 437.36 440.21 484.70 669.64

Lake St. Clair
R002 1,421.49 1,501.82 1,636.91 1,944.25

St. Clair River
RO01 138.99 144.00 156.39 182.52

Grand Total 5,385.77 5,844.16 6,259.92 8,103.09

1/ To convert annual damages to present worth, multiply by factor of 11.5656.
2./ Same as Category 2 except that channel modifications were made to the St.

Lawrence River as well.
3/ There are no damages associated with boating on St. Lawrence River reaches

R007 (Cardinal) and RO08 (Morrisburg).
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Table G-33 - Equivalent Value Factor 1/ Computations by Reach (8-1/2 Percent)

Percent Increase (7)
(1) (2) : (3) : (4) : (5) : (6) Weighted

:Year 1980 to Year 0 Jo :Year 10 to:Year 20 to:Year 30 to:Year 40 to: A.A.E.
Reach: Year 1985 :Year 10.J: Year 20: Year 30: Year 40: Year 50: Factor /

R008 : .11 : .05 : .06 : .05 : .05 : .05 :1.0625

R007 : 7.0 : .09 : .04 : .08 .04 .03 :1.0878

R006 .12 : : : : .05 : :.05 1.0708

2005: .26 : .06 : .06 : .06 : .05 : .05 :1.0708

2004: .27 .04 : .05 : .07 : : .04 :1.0544

2003: .18 : .08 : .07 : .06 : .06 : .05 :1.0884

2002: .23 .07 : .07 : : : .06 :1.0827

2001: .13 : .07 : ,07 : .07 : .06 : .06 :1.0827

R05 : .13 : : 06 : : : .05 :1.0713

R004 : .08 : .06 : .05 : .06 : .05 : .05 :1.0678

3004: .08 : : : .06 : .05 : .05 :1.0708

3003:0 : 0 .02 : .06 : .05 : .05 :1.0163

3002: : :006.04 : .05 :1.0223

3001 : .18 : .07 : .06 : .06 : .06 : .05 : 1.0783

R003 : .08 : .06 : .06 : .06 : .05 : .05 :1.0708

R002 : .11 : .06 : .06 : .06 : .06 : .05 : 1.0713

R001 : .55 : .06 : .06 : .06 : .05 : .05 :1.0708

1/ Average anulequivalent factor (A.A.E.F.) assumes straight line growth.

'g/ Project Year 0 is 1985.

3/Weighted A.A.E. Factor (7) -1.0000 +(2) A + (3) 8B+ (4) C + (5)04+ (6) E

where, A = A.A.E.F., 10 years growth, 0 year project life .7069;

B = (A.A.E.F., 10 years growth. 40 year project life .7004)
X (Present worth of 1 per period factor for 40 periods - 11.3145)
X (Present worth of 1 for 10 periods -.4423) X ( Annuity Factor,
50 periods - .08646) - .3030;

C-(A.A.E.F., 10 years growth, 30 year project life - .6846)
X(Present worth of 1 per period factor for 30 periods - 10.7468)
X(Present worth of I for 20 periods - .1956) X (Annuity Factor,50 periods - .08646) = .1244;

X (Present worth of 1 per period factor for 20 periods - 9.4633)
X (Present worth of 1 for 0 periods- .0865) X (Annuity Factor,
50 periods : .08646) - .0454; and

E A (A.A.E.F., 10 years growth, 10 year project life - .4834)
X (Present worth of I per period factor for 10 periods - 6.5613)
X Present worth of I for 40 periods - .0383) X (Annuity Factor,
50 periods = .08646) = .0105.
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Table G-34 - Equivalent Average Annual Oamagel/
by Plan and Reach for Category 1Y
($000; 8-1/2 Percent)

Damages Damages Damages Damages
BOC 6L 15S 25N

St. Lawrence : :
Ogdensburg

R006 362.89 368.82 375.88 362.53

Lake Ontario
2005 120.54 96.48 131.34 137.19
2004 0 0 0 0
2003 56.50 46.15 62.11 : 70.97
2002 225.90 199.13 231.17 223.56
2001 27.82 23.02 30.74 37.04

Subtotal 430.76 364.78 455.36 468.76

Niagara River
RO05 0 0 0 0

Upper Niagara
R004 14.10 13.61 15.87 14.46

Lake Erie
3004 8.65 9.30 10.39 18.40
3003 367.13 426.18 455.65 682.43
3002 : 1,548.91 1,753.11 : 1,870.11 : 2,729.25
3001 : 1,142.12 1,281.87 : 1,359.62 : 1,750.32

Subtotal 3,066.81 3,470.46 3,695.77 5,180.40

Detroit River
R003 505.79 509.09 560.54 774.42

Lake St. Clair :
R002 : 1,690.36 1,785.88 1,946.52 2,311.99

St. Clair River
RO01 230.68 239.01 : 259.56 302.93

Grand Total 6,301.39 6,751.65 7,309.50 9,415.49

1/ To convert annual damages to present worth, multiply by factor 11.5656.

2/ Cat 1, Lake Ontario regulated as described under BOC, with deviations.

3/ There are no damages associated with boating on St. Lawrence River reaches
R007 (Cardinal) and R008 (Morrisburg).
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Table G-35 - Equivalent Average Annual Damages
by Plan and Reach for Category
($000; 8-1/2 Percent)

Damages Damages Damages Damages
BOC : 6L 15S 25N

St. LawrenceJ/
Ogdensburg

R006 361.26 : 357.69 345.40 340.33

Lake Ontario
2005 119.97 97.90 99.78 92.02
2004 : 0 0 0 : 0
2003 : 56.21 44.80 43.18 41.41
2002 : 224.69 206.55 213.86 200.10
2001 27.66 21.70 20.09 19.83

Subtotal 428.53 : 370.95 376.91 353.36

Niagara River
R005 0 0 0 0

Upper Niagara
R004 14.10 13.61 15.87 14.46

Lake Erie
3004 8.65 9.30 10.39 18.40
3003 367.13 426.18 455.65 682.43
3002 : 1,548.91 1,753.11 1,870.11 : 2,729.25
3001 : 1,142.12 : 1281.87 1,359.62 : 1,750.32

Subtotal 3,066.81 3,470.46 : 3,695.77 5,180.40

Detroit River
R003 505.19 509.09 560.54 774.42

Lake St. Clair :
R002 : 1,690.36 1,785.88 1,946.52 : 2,311.99

St. Clair River
RO01 230.68 : 239.01 259.56 302.93

Grand Total 6,297.53 : 6,746.69 7,200.57 : 9,277.89

1/ To convert annual damages to present worth, multiply by factor 11.5656.

2/ Cat 2: Lake Ontario regulated in strict accordance with a modified
version of Plan 1958-D.

3/ There are no damages associated with boating on St. Lawrence River reaches
R007 (Cardinal) and R008 (Morrisburg).
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Table G-36 - Equivalent Average Annual Damageji1
by Plan and Reach for Category 3dJ
($000; 8-1/2 Percent)

Damages Damages Damages : Damages
BOC 6L 15S 25N

St. Lawrence./I
Ogdensburg

R006 368.36 371.47 359.99 347.79

Lake Ontario
2005 99.88 101.00 114.34 : 94.67
2004 0 0 0 0
2003 45.65 : 44.54 : 52.09 40.79
2002 212.36 213.30 222.31 205.13
2001 22.10 : 21.02 25.16 18.91

Subtotal : 379.99 379.86 413.90 359.50

Niagara River
ROO5 0 0 0 0

Upper Niagara
R004 14.10 13.61 : 15.87 14.46

Lake Erie
3004 . 8.65 : 9.30 10.39 18.40
3003 . 367.13 426.18 455.65 682.43
3002 : 1,548.91 : 1,753.11 : 1,870.11 : 2,729.25
3001 : 1,142.12 : 1,281.87 : 1,359.62 : 1,750.32

Subtotal 3,066.81 3,470.46 3,695.77 5,180.40

Detroit River
R003 505.79 509.09 560.54 774.42

Lake St. Clair :
R002 : 1,690.36 : 1,785.88 1,946.52 2,311.99

St. Zlair River
RO01 230.68 239.01 259.56 : 302.93

Grand Total 6,256.09 6,769.38 7,252.15 : 9,291.49

1/ To convert annual damages to present worth, multiply by factor 11.5656.

2/ Category 3: Same as Category 2 except that channel modifications were
made to the St. Lawrence River as well.

31 There are no damages associated with boating on St. Lawrence River reaches
R007 (Cardinal) and R008 (Morrisburg).
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4.4 Sensitivity

Sensitivity tests were performed to measure the effect of altering
various components used in the analysis. The primary emphasis was focused on
the stage-damage relationship. It is this relationship that may be construed
to be in question, in terms of the validity of the assumptions used in its
composition and of the results that follow.

It should be noted that many of the input variables which were used to
develop the stage-damage relationship are average values. Average values
used included: available depth by reach, depreciated boat values, draft of
vessel by class, rate of return of boat owner's investment by vessel class,
etc. These average values should be considered only as a proxy in deter-
mining the magnitude of impacts of the regulation plans and the relative dif-
ferences in the base cases and the plans.

Changing these average values for sensitivity would shed light as to
their relative weight in the overall results. However, considering the
complexity of the analysis and the massive size of the study area, it would
be impractical to reanalyze the results by changing each of these values.
One of the average values, available depth by reach, was tested for
sensitivity. It was deemed that benefits and losses are most sensitive to
this input variable.

The sensitivity test consisted of using average available depth measure-
ments by harbor/bay for Reach 3004. First, stage-damage relationships were
developed on a harbor/bay basis. Fleet mix distributions by harbor/bay were
provided from the inventory. Harbors comprising Reach 3004 include Buffalo,
Dunkirk, and Presque Isle. The remaining fleet mix in Reach 3004, not based
at one of the above harbors, is classified as other.

Table G-40 - Sensitivity Results, Reach 3004
Average Harbor Depth Versus Average
Depth by Reach ($000)

Average Annual Damages and Benefits~i
Basis of : :Damage : :Damage : : Damage

Reach :Comparison: Plan 6L :Reduced: Plan 15S :Reduced: Plan 25N : Reduced

3004 : 7.53 8.09 : -.56 : 9.04 -1.51 16.00 -8.47

3004AV/: 22.13 25.57 -3.44 27.35 -5.22 41.20 :-19.07

1/ Damages and benefits (losses) are for 1980 conditions (no growth).
/ Reach 3004A uses the adjusted stage-damage curve for average depth by

harbor.

Stage-damage relationships by harbor were compiled using average berth/slip
depths and average mooring depth measurements for each harbor in Reach 3004.
The average depth for Reach 3004 was used in calculations for the fleet mix
in the "other" grouping. Comparison values for Reach 3004 are presented in
Table G-40. Average annual damages (1980) for the adjusted Reach 3004 under
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basis-of-comparison conditions totalled $22,100, 2,94 times greater than
damages used in the analysis.

The remaining five sensitivity test results are shown in Table G-41.
The second sensitivity test evaluated the effect of reconstructing the stage-
damage curve for each reach. This was done by reassigning each change in
damage to the water level where that damage is expected to first occur. In
the procedure used in the base evaluation, damages were assigned to water
levels corresponding to one-foot changes in available water depth.

Two additional sensitivity tests measured the effects of restricting the
growth assumptions used in the analysis, One test used the assumption that
growth continues to the base year of the project (1985). Another test was
under the assumption that there is no growth (1980 conditions are held
constant).

The last two sensitivity tests measured the effect of arbitrarily
shifting the stage-damage curve 6 inches upwards and shifting the stage-
damage curve downward 6 inches.
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Annex A - Conversion Factors (British to Metric Units)

1 cubic foot per second (cfs) - 0.028317 cubic metres per second (eros)

1 cfs-month = 0.028317 cms-month

1 foot = 0.30480 metres

1 inch = 2.54 centimetres

1 mile (statute) = 1.6093 kilometres

1 ton (short) = 907.18 kilograms

1 square mile = 2.5900 square kilometres

1 cubic mile = 4.1682 cubic kilometres

Temperature in Celsius: *C = (°F - 32) 1 .8

1 acre-feet = 1,233.5 cubic metres

1 gallon (U.S.) = 3.7853 litres

1 gallon (British) = 4.5459 litres

1 ton (long) = 1016.0 kilograms

',
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Annex B - Recreational Beaches and Boating Group Membership

United States Section Canadian Section

Ronald J. Guido, Chairman Thomas Burton, Chairman
Corps of Engineers Ontario Ministry of Natural

Resources

Jonathan W. Brown Jasmine T. Urisk
Corps of Engineers Inland Waters Directorate,

Ontario Region
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Annex C - Significance Test as to the Impact of Proposed Regulation Plans
on the Beaches of Lake Huron - Canadian Side

In its plan of action of 31 May 1978, the Environmental Effects
Subcommittee directed that detailed evaluations be conducted on Lake Erie,
Lake Ontario, and the Niagara River and St. Lawrence Rivers due to the poten-
tial for direct environmental impact by the regulation plans. The
Subcommittee further stated, "As the impacts of regulation plans on the
remaining Great Lakes and interconnecting channels are deemed to be limited,
studies on those water bodies will likely be limited in nature

To more rigorously define the study area, a more formal test of the
impact of regulation on the number of opportunities on the Lake Huron study
area appeared to be warranted. This examination took the form of a hypothesis
test for two dependent means, using the test statistic mt."

The objective of this test was to determine if there is a significant
difference in the number of opportunities available on Lake Huron between the
basis-of-comparison conditions and the regulation plan conditions. The test
was run on three regulation plans. The three plans were selected to be
representative of the potential maximum, minimum, and medium impacts,
respectively, of the possible regulation plans on Lake Huron water levels.

The population tested was the 155 beaches of Lake Huron. A sample of 10
beaches was selected. Beaches were chosen to ensure adequate representation
of the size and slope of the population.

Hydrographs for each regulation plan and the basis-of-comparison were
obtained from the Regulation Subcommittee (see Appendix A, Lake Regulation).
These hydrographs showed mean monthly levels for each year from 1900 to 1976,
as well as the overall monthly means over the period of record. The overall
monthly mean figures used for the purposes of this test, were run for each
month in the defined recreation season, i.e., May to September. The monthly
figures for each regulation plan were compared to the respective basis-of-
comparison figures and the differences were used in the analysis.

The general hypothesis to be tested was that there is no significant
difference between the number of opportunities available under basis-of-
comparison conditions and regulation plan conditions. The calculation of
additional opportunities was done for each beach using the calculation as
described in Section 3.2.4.

For the purpose of the test, the hypotheses used were as follows:

1. null hypothesis: there is no significant difference between
basis-of-comparison average levels and regulation plan average
levels, i.e., HO: rd a 0; and,

2. alternate hyphothesis: there is a significant difference between
the basis-of-comparison average levels and the regulation plan
average levels, i.e., H2 : rd - 0.
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The test was run at the 95 percent confidence level. The value assigned
was defined as being the risk or probability of rejecting the null hypothesis
when it is actually true.

The value of "t" was determined as follows:

t= d -rd

Where n = number of data (population)

= Ed = mean of the observed difference;
n

d =n (Ed pEd)2 = standard deviation of the
n (n - 1) observed differences; and,

rd = mean difference of the data. For the purpose of the
test rd = 0.

Using the above formula, a "t" value for each month was calculated and
compared to the appropriate critical value from "Student's t-distribution"
table. The null hypothesis will be rejected if the calculated value exceeds
the critical value.

Procedure

Beaches were selected to ensure adequate representation of length and
slope of the beaches in the population. Of the 155 beaches in the population
tested, approximately 30 were examined for beach length and slope. The 10
beaches in Table 1 were representative of these beaches.

Following the selection of beaches to be used in the test, the
hydrographs provided by the Regulation Subcommittee were examined with
respect to their magnitude of impact in order to determine those plans having
maximum, minimum, and medium impacts. As it was the intent of the study to
examine the long-term implications of regulation, the average monthly means
over the historic period of record were considered the most appropriate indi-
cator of significance. As such, they were used in the examination of magni-
tude of impact, as well as in the calculations of "t" values.

In determining the magnitude of impact, each regulation plan was exa-
mined with respect to basis-of-comparison. Regulation plans considered to
have maxImum, minimum, and medium impacts, respectively, were:

1. Niagara River Structure, Plan 30N, 30,000 cfs maximum outflow;

2. Black Rock Canal Structure, Plan 15S2, 15,000 cfs maximum outflow;
and

3. Black Rock Canal Structure, Plan 19S2, 19,000 cfs maximum outflow.
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Table 1 - Sample Beaches for Definition of Stu4y Area

Number : Name Location Length Slope

1 Station Bruce/Kincardine 554 m. 1.5 p

2 : Bruce : Bruce/Huron 800 m. : 1.5

3 Amberly : Huron/Ashfield : 800 M. 1.5

4 Kintail Huron/Ashfield : 800 m. 1.5 I
5 Sunset : Huron/Colbourne 800 M. 1.5

6 St. Chris : Huron/Goderich : 564 m. 1.5

7 Public Lambton/Sarnia : 460 m. 1.10

8 Harbour Huron/Goderich 173 m. 1.10

9 Pine River Bruce/Huron 400 m. 1.20

10 Public Access : Lambton/Bosanquet 650 m. 1.40

iG
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The test was run for each of the 5 months in the recreational season for
each of the above regulation plans.

The water level value from the regulation plan hydrograph was subtracted
from the basis-of-comparison value resulting in a value showing the vertical
impact of regulation. This figure was then converted into a metric value and
calculations proceeded on this basis. Vertical change was multiplied by
the slope factor for each beach resulting in the additional beach width due
to regulation. This figure was then multiplied by length of beach to arrive
at additional beach area.

The "t" statistic was then calculated.

The following example shows the above calculation for Niagara River
Structure, Plan 30N, for the month of May.

Table 2 - Sample Calculation for "t" Test

: Vertical : : Width : Beach : Area
Beach : Change : Slope : Increase : Length : Incrgase : Increase in
Number : (m) : Factor : (i) : m) : (m )  : Opportunities

1 : .0792 : 5 : .396 : 554 : 219.38 : 10.49

2 .0792 5 .396 :800 :316.8 : 15.14

3 :.0792 : 5 : .396 :800 :316.8 : 25.14

4 : .0792 5 .396 800 316.8 25.74

5 :.0792 : 5 .396 :800: 316.8 25.74

6 : .0792 : 5 : .396 : 564 : 223.34 : 18.15

7 : .0792 : 10 : .792 : 460 : 364.32 : 40.15

8 : .0792 : 10 : .792 : 173 : 137.02 : 11.13

9 : .0792 : 20 : 1.584 : 400 : 633.60 : 30.28

10 : .0792 : 40 : 3.168 : 650 : 2,059.20 : 226.36

Data used (May example)
Basis-of-comparison water levels - 578.43 feet
Regulation plan water levels - 578.17 feet
Effect of regulation - .26 feet or .0792 meters
Space standard 9.29 m2

Turnover rate - 1.2
ICF - 3.70
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Days available for beaches: 1, 2, 9 - 1.0
: 3,6,8 - 1.7
: 7, 10 - 2.3

* 42.881, 52.78859

sd - 65.1071, 60.97367

rd - 0

in'- 3.16

The "t" value for regulation, Niagara River Structure, Plan 30N, for the
month of May is 2.0812.

The "t" values were calculated for each regulation plan for each month
and the results are listed in Table 3.

Table 3 - "t" Values for Each Regulation Plan for Each Month

MAy : June July : August : September

Niagara River Structure : 2.0812 2.2291 : 2.5337 2.5141 2.14
Plan 30N

Black Rock Structure : 2.0812 : 2.2291 : 2.5337 : 2.5141 2.14
Plan 19S2

Black Rock Structure : 2.0812 : 2.2291 : 2.5337 : 2.5141 : 2.14
Plan 15S2

The "t" values were then compared to the critical value found in the
table of "Student's t-distribution." The critical value is 2.26.

Comparing this value to the above figures, the critical value is
exceeded in the months of July and August for all regulation plans.

On the basis of this analysis, the char opportunities is signifi-
cant in July and August. An examination of, lal park attendance
records show that beach use in this area dur.;ai . and August comprises
from 69 percent to over 80 percent of annual bewa.' use. It is obvious that
major beach use occurs during this time and the significant impacts which
occur warrant the inclusion of this area in the calculation of benefits.
However, it was not included due to time and financial constraints.
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Annex D -Detailed U.S. Inventory Data Results
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Annex E - Institutional Constraint Factor Calculations

This annex contains institutional constraint factor calculations for the
following:

Holiday Beach

Wheat l ey

Rondeau

Iroquois Beach

Long Point

Selkirk

Rock Point

Bronte Creek

Darl ington

Presquile

North Beach

Outlet Beach
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PARK NAME: rL

MONTH:

Monday Tuesday Wednesday Thursday Friday Saturday Sunday tear

7" I."f /aG5. , //76.b 21,7.' "o&/5 I Total

Divide each daily total by the largest daily total

Sum these seven numbers and dfvide by 7

P, f/ 7 " r. -thly I.C.F.
7

PARK NAME:

MONTH:

Monday Tuesday Wednesday Thursday Friday Saturday Sunday Year

- - ..

' _Total

Divde each daily total by thearotst daily total

-- _:-.'--- i 1 i i 1 I I.
Sun these seven naubers and divide by 7

-"nthly I.e.lV.
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Annex F -COMPATRAX Recreation/Tourism ParticiDation Allocation
Model Documentation
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COMPATRAX RECREATION/TOURISM PARTICIPATION
ALLOCATION MODEL DOCUMENTATION

1. Overall Description of the Model: The COMPATRAX recreation demand
allocation model has been refined by Midwest Research institute (MRI) in a
series of recreation/tourism, market analyses, and strategic planning proj-
ects accomplished for governments, regional planning groups, and private
investors. The fundamental concept of COMPATRAX is that demand originates
with people rather than with sources and that the proper market analysis
requires projection of people's demands and allocation of these demands among
competitive resource concentrations.

The MRI COMPATRAX Recreation Participation/Allocation Model is computer-
based and provides estimates of current and future usage at individual
recreational destination complexes. The model's underlying rationale is as
follows:

a. Recreational demands are generated by the recreational participation
desires of individuals and are thus functions of numbers and charac-
teristics of population groups;

b. The satisfaction of demand for recreational usage at any individual
recreation destination complex, derived from each market
concentration, depends on the distance the complex is from the market
and the relative extent and quality of that complex's recreational
resources compared with the extent and quality of resources at all
other competitive destination complexes.

The COMPATRAX model permits the inclusion of a large number of destina-
tion complexes and market concentrations in the determination of usage at any
individual destination complex.

a. "Primary market area" refers to the metropolitan and nonmetropolitan
population concentrations expected to provide the market support for any
recrition or tourism destination areas to be studied. For example, this
might be the entire southern half of the United States. The primary market
area is composed of a large number of "market centers." These are the
smallest geographical units for which separate demographic data and projec-
tions are universally available; typically, they are SMSA's ±/

For the Lake Erie recreational beaches model, the "primary market area"
was the four states surrounding the lower Great Lakes (Lakes Erie and
Ontario), and the "market centers" were adjacent lake counties and SMSAs in
the four states. Conceptually, the primary market area can be expanded or
contracted to meet particular requirements. The important aspect is that the
COMPATRAX model treats many separate market centers within the primary market
area individually and does not require unrealistic aggregation of demand into
national or regional totals.

b. The model treats total recreation and tourism market behavior as a
function of specific "key outdoor recreation activities": attending outdoor

1/ Standard Metropolitan Statistical Area, as defined by the Bureau of the
Census, U. S. Department of Commerce.
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events, boating, camping, boating for pleasure, fishing, hiking, hunting,
nature walking, sailing, sightseeing, snow skiing, swimming, water skiing,
picnicking, horseback riding, etc. Although the Heritage Conservation and
Recreation Service (formerly BOR) has identified a larger number of other
outdoor recreation activities, they are not included in COMPATRAX analysis
because they exert relatively little influence on the choice of destination,
compared with that of the key activities. In any analysis, additional acti-
vities can be introduced if2it is necessary to project specific requirements
for particular facilities. /

c. The model is concerned with three classes of recreation destination
areas:

(1) "Primary complexes" are those that are the focus of a study in
question; in some uses of the model, there may be only one primary
complex, while in other applications, there could be a very large
number (such as 17 reaches along Lakes Erie and Ontario and the
connecting waterways).

(2) "Competitive complexes" include those other recreation areas within
the same broad region as the primary complexes that offer essen-
tially the same types of climate, topography, resources, facilities,
amenities, and activities as the primary complexes (in the Lake Erie
recreational beaches model, the Statewide Comprehensive Outdoor
Recreation Plan (SCORP) regions in the four states).

(3) "Competitive areas" include those other classes of recreation
destinations that differ in one or more fundamental ways from both
the primary and competitive complexes in terms of resources, climate,
topography, facilities, amenities, activities, and, hence, market
appeal.

d. The following are the major advantages of the COMPATRAX model:

(1) It is among the first programs in the field of recreation economics
to be truly market-oriented rather than resource-oriented. Prior
approaches, whether operated manually or by computer, tend to focus
on one or more resource areas, drawing concentric circles around
these resource areas to determine what markets might be incorporated
at various distances. The COMPATRAX model, on the other hand, draws
concentric circles around the market where the demand actually
originates and allocates this demand among all of the competitors
for this market in accordance with distance factors and the relative
attractiveness of the individual complexes.

2/ For the Lake Erie recreational beaches model, only swimming in a natural
environment was included in the analysis.
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(2) It establishes a reasonable basis for eliminating from further con-

sideration that portion of the demand that, for reasons of personal
preference on the part of individual market segments, is not
available to any given generalized class of attraction that may be
under study.

(3) It treats the influence of the resource-market distance through

utilization of empirically derived recreational behavior data, in
ontrast to many mathematical approaches that employ an arbitrary
"gravity flow" approach that does not accurately represent actual
behavior.

(4) It preserves, in segregated form, the breakdown of total recreational
activity-days in each class of recreational activity into the
occurrence categories of Few Available Hours, All-Day Outings,
Overnight Trips, and Vacations, (or any other leisure behavior
patterns) and, thus, can incorporate the obvious differences in the
economy of a recreational complex. Aproaches that aggregate all
categories of occurrence into a single total activity-day demand
cannot make this discrimination and, consequently, cannot illustrate
the differences in economic impacts on areas that are primarily
day-use compared with those that are oriented toward overnight stays.

(5) It provides both a rationale and a technique for dealing with the
extremely troublesome problem of double-counting in the process of
arriving at expenditure data expressed in terms of activity-days
rather than visitor-days.

(6) It provides a particularly valuable planning and marketing tool in
its ability to determine the relative numerical importance of
individual market areas as potential sources of visitors to any
given complex.

e. The output of the COMPATRAX model is illustrated by the following
six tables excerpted from the computer printouts of a model run for several
destination complexes in New York State. All tables refer to the Cranberry
Lake Complex in the Northwestern Adirondacks. The following should be noted
for each of the six tables, respectively:

(1) Projections of participation in 13 individual key recreational acti-
vities (for this application) for 1970-1985, are expressed in
thousands of activity-days.

(2) Projections of several visitor expenditure categories and total
expenditures for a single future year, are expressed in thousands
of dollars. "Few available hours" projections show a zero value
since the local population base is too sparse to generate
significant demands.

(3) Projections of visitor-days, or "people-days," for two future years,
are expressed in thousands.
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(4) Projections o, total visitors to the complex for two future years,
are expressed in thousands.

(5) Projections of visitor-nights, or "overnight-stays," for two future
years, are expressed in thousands. "Camper" values are zero
because campers do not occupy hotel/motel rooms. "All-day outing"
values are zero because, by definition, this occurrence category
does not involve any overnight stay.

(6) The market summary shows the sources of visitors to the complex

in rank order, with the number of visitors in each of 4 years, the
percentage of total visitors originating in each market center, and
a cumulative percentage of total visitors.

2. COMPATRAX II Model Logic: The COMPATRAX II model evolved from the
original COMPATRAX model and MAVEN 1, developed in a study for the Orange
County, California Environmental Management Agency. 1-/ In that study, MRI
was a subcontractor to PBQ and D, Inc., of Santa Ana, California. Since
MAVEN I was installed on California coiputer equipment, MRI prepared a hand-
book for users. It provides documentation for both the recreation planner
and computer analyst. This handbook, along with the computer program and
documentation provided in Technical Report No. 8, provides the program logic
of COMPATRAX II and is on file at the Buffalo District, Corps of Engineers.

a. Model flow and Lake Erie data: The following section provides a
description of the model flow and data used in the Lake Erie study of
recreational beaches:

(1) Source of Data: The State Comprehensive Outdoor Recreation Plans
(SCORP) of the four border states (New York, Pennsylvania, Ohio, and
Michigan) provided the basic source of data for projecting swimming use in
the future for U.S. shoreline beaches. All except Ohio have conducted a
recent recreation survey and have provided per capita use rates for swimming
in natural environments on an annual basis ("n" times per year). Since a
comparable rate was not available for the State of Ohio, a recent nationwide
study was used as the basic source of data (Midwest Research Institute's
"Opportunities in the Leisure Industry Study"). A "no growth" assumption was
made regarding swimming in natural environments (per capita rates were held
constant).

±_ Recreation User Documentation for the MAVEN Participation Allocation
Model (prepared by MRI under subcontract to PBQ and D, Inc.) for Orange
County Environmental Management Agency, 29 March 1979.
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Table 1 - Projected Demand Analysis

Total Market, Present Attractiveness Indices

Cranberry Lake Complex

Participation, Thousands of Activity Days, Percent of Total

1970 1975 1980 1985

Outdoor Events : 8 : .70 10 .74 12 .78 14 .81

Boating : 67 : 5.76 78 5.88 : 92 6.12 109 6.37

Camping : 29: 2.52: 35: 2.62: 41: 2.76 49: 2.87

Drive for Pleasure: 205: 17.67: 203 : 15.28: 01 : 13.43 : 197: 11.56

Fishing : 266 : 22.87 : 301 : 22.72 : 346 : 23.05 : 399 : 23.39

Hiking : 17 : 1.51 : 20 : 1.51 : 23 : 1.55 : 27: 1.60

Hunting : 105: 9.06: 118: 8.91 : 134 : 8.94 : 152 : 8.91

Nature Walking : 101 : 8.72 : 115 : 8.68 : 131 : 8.76 : 150 : 8.80

Sailing : 14 : 1.21 : 20 : 1.50 : 26 : 1.75 : 34 : 1.96

Sightseeing : 143 : 12.36 : 176 : 13.29 : 187 : 12.46 : 227 : 13.30

Snow Skiing : 17: 1.43: 20: 1.54: 25: 1.65: 29: 1.72

Swimming : 175: 15.08: 214: 16.15: 262: 17.47: 296: 17.34

Water Skiing : 13: 1.11: 16: 1.18: 19: 1.28: 23: 1.37

Total : 1,160 : 100.00 : 1,326 : 100.00 : 1,499 : 100.00 : 1,706 : 100.00
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Table 2 - Projected Expenditure Analysis

Total Market, Present Attractiveness Indices

Cranberry Lake Complex

1980 Expenditures by Selected Types of Recreation Activity In Thousands of Dollars

: Few
: Available : All Day : Overnight Vacation
: Hours : Outing : Non-Campers : Campers Non-Campers Campers

General Activities

Food 0 : 78 : 182 30 : 1,489 : 249
Lodging : 0 : 0 : 182 : 8 : 1,489 61
Other : 0 : 77 : 122 : 41 : 736 : 245
Total : 0 : 154 : 487 : 79 : 3,715 : 555

Fishing :

Food : 0 : 7: 142 : 8: 788 : 44
Lodging : 0 : 0 : 142 : 2 : 788 : 11
Other : 0 : 34 : 145 : 16 : 593 : 66
Total : 0 : 42 : 429 : 26 : 2,170 : 121

Hunting :

Food : 0 : 1: 68 : 4: 297 : 17
Lodging : 0 : 0: 68 : 1 : 297 : 4
Other : 0 : 7: 77 : 9: 250 : 28
Total : 0 : 8 : 212 : 13 : 844 : 48

Snow Skiing

Food : 0 : 1: 24 : 0: 89 : 0
Lodging : 0 : 0 : 24 : 0 : 89 : 0
Other 0 3 : 66 : 0 : 185 : 0
Total : 0 : 5 : 115 : 0 : 363 : 0

All Activities :

Food : 0 : 88. 416 : 42 : 2,664 : 309
Lodging : 0 : 0: 416 : 10 : 2,664 : 76
Other 0 : 121 : 409 : 65 : 1,764 : 339
Total : 0 : 209 : 1,242 : 118 : 7,091 : 724
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Table 3 - Projected Visitation Analysis
Total Market, Present Attractiveness Indices

Cranberry Lake Complex

1980 Participation. Thousands of People Days
Few

Available : All Day : Overnight Vacation
Hours : Outing Non-Campers Campers Non-Campers : Campers

General Activities 0 26 41 14 : 245 : 82

Fishing 0 8 32 4 130 14

Hunting : 0 : 1: 15 2 49 5

Snow Skiing 0 1: 6 0: 18 0

All Activities : 0 35 94 : 19 : 442 102

1985 Participation. Thousands of People Days
Few

Available : All Day : Overnight : Vacation
Hours : Outing : Non-Campers : Campers Non-Campers Campers

General Activities : 0 29 : 47 16 288 96

Fishing 0 : 8 36 4 150 17

Hunting 0 2 : 17 : 2 : 56 6

Snow Skiing : 0 1 : 7 : 0 : 21 : 0

All Activities 0 : 40 : 107 : 21 : 514 : 119
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Table 4 - Projected Visitation Analysis
Total Market, Present Attractiveness Indices

Cranberry Lake Complex

1980 Visitors. Thousands of People
: Few
: Available : All Day : Overnight : Vacation
: Hours : Outing : Non-Campers : Campers : Non-Campers Campers

General Activities : 0 : 26 : 15 : 5 : 23 : 8

Fishing : 0 : 8 : 12 : 1 : 12 : 1

Hunting 0 1 6 : 1: 5 1

Snow Skiing . 0 1. 4 0 : 2 0

All Activities : 0 : 35 : 35 7: 42 10

1985 Visitors, Thousands of People
: Few
: Available : All Day : Overnight Vacation
: Hours : Outing: Non-Campers: Campers: Non-Campers: Campers

General Activities: 0 : 29 17 : 6 : 27 : 9

Fishing : 0 : 8 : 13 : 1: 14 : 2

Hunting : 0 2 6 1 5 1

Snow Skiing : 0 : 1. 4 : 0 : 2 : 0

All Activities : 0 : 40 40 : 8 : 48 : 11
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Table 5 - Projected Visitation Analysis

Total Market, Present Attractiveness Indices

Cranberry Lake Complex

1970 Overnight Stays, Thousands of People Days
Few

Available : All Day : Overnight Vacation
Hours : Outing : Non-Campers : Campers : Non-Campers : Campers

General Activities: 0 : 0 : 21 : 0 176 : 0

Fishing : 8 0 : 0

Hunting 0 0 19 0 : 9 9: 0

Snow Skiing : 0 : 0 3 0 12 : 0

All Activities : 0 0 : 52 : 0: 325 : 0

1975 Overnight Stays, Thousands of People Days
Few

Available : All Day : Overnight Vacation
Hours : Outing : Non-Campers : Campers : Non-Campers : Campers

General Activities: 0 : 0: 26 : 0: 212 : 0

Fishing : 0 : 0: 21 : 0: 113 : 0

Hunting : 0 : 0 : 10 : 0 : 43 : 0

Snow Skiing 0 : 0 4 0 15 : 0

All Activities : 0 : 0 : 60 : 0 : 382 : 0
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The basic supply information in the COMPATRAX analysis was the linear
feet of available beach in supply regions. All four states provided an esti-
mate of the linear feet of beach available for SCORP regions. The U.S.
inventory of beaches on Lakes Erie and Ontario provided an estimate of the
linear feet of beach in each of the reaches. No attempt was made to rate the
quality of any of the beaches. In other words, each foot of beach in an area
is considered of equal quality to a similar measure of beach in every other
region.

Approximately 80 demand origins and 70 supply destinations were input
into the model; and utilizing observed travel characteristics (when people
participate in recreation, how far they travel, etc.), forecasts of the
annual swimming occasions occurring in natural environments were projected
for each of the 17 U.S. reaches for 1985, 1995, 2005, and 2015.

(2) Demand: The COMPATRAX model utilizes annual per capita recreation
rates for unique populations and multiplies these rates by forecast
population. The per capita rates for the four states included in the
American forecasts are:

Annual Per Capita Occasions
State of Swimming in Natural Environments

Michigan 4.71
New York 4.38
Ohio 4.82

(northeast Census Region)
Pennsylvania 4.64

The population forecasts were provided by the Census Bureau's latest
"Series E" national population and projection and the Bureau of Economic
Analysis' industrial and regional disaggregation thereof as published in the
1972-E OBERS Projections, November 1974. The supply regions (SMSAs and adja-
cent lake counties) are listed in the COMPATRAX output in MRI's Technical
Report No. 8.

All demand areas are located by the model utilizing longitude and lati-
tude coordinates. These spatial relationships provide a distance rela-
tionship between other demand areas and the recreation destinations (the
supply). For each of the demand areas, the forecast population for a given
year is multiplied by the estimated per capita recreation activity occasions
(in this case, annual swimming occasions in a natural environment). The neyt
step in the model is to allocate this potential demand (actually consumption
of recreation) into the various periods of time that people might take part
in the activity. The various leisure activity periods for the model are
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listed below along with the percentage of recreation demand that is allocated
into each of the periods:

Leisure Activity Period Percent
(Swimming in Natural Environments)

Few Available Hours 9
All-Day Outings 39
Overnight Trips . 15
Vacations 37

After the potential demand for a given origin area is segregated into
the periods of time that the activity occurs, the next step is to segregate
the amount of activity in each one of these activity periods into the
distance band that people might travel to take part in the activity. In
other words, this provides the basis and power for the allocation. For
example, people participating in few available hours (after work, etc.) are
much less likely to travel beyond 50 miles than those participating in
swimming in natural environments on vacations. The distance bands and the
percent of swimming activity that takes place within each one of these bands
by leisure activity period are provided below:

One-Way Road Distance : Percent
Between Origin and : Overnight : All-Day : Few Avail-
Destination (miles) : Vacation : Trips : Outings : able Hours

0- 25 0 : 14 : 19 65
26- 50 5 : 16 : 19 : 19
51- 75 8 : 22 : 23 : 11
76-175 20 : 33 : 39 : 5
176-275 16 : 8 : 0 : 0
276-475 20 : 6 : 0 : 0
Over 475 . 31 : 1 : 0 : 0

The basic data utilized to separate swimming activity into leisure acti-
vity periods have been provided by a variety of U.S. research studies as well
as in-house studies conducted by Midwest Research Institute. Data used in
the distance/distribution matrix were originally derived from data contained
in the 1965 BOR recreation demand study. These have been updated in sub-
sequent SCORP efforts and other recent studies.

In summary, each demand area in the model is located spatially. Annual
per capita activity occasions are multiplied by population forecasts to pro-
duce potential demand. This demand is separated into the periods of time
that people normally participate in recreation, and it is then allocated into
the distance zones specified above. The origin areas for the Lake Erie
recreation beach analysis included two to three counties inland from all
lakes and water ways in the four states, as well as all of the remaining
SMSAs in the four states. Nnn-SMSA population in the remainder of the states
was proportioned into the counties and SMSAs based on their relative sizes.
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(3) Supply: As with the demand areas, supply areas are first located
by longitudinal and latitudinal coordinates. This provides a relative loca-
tion to other supply areas as well as the demand origins. In the Lake Erie
model, the supply areas include all of the SCORP supply regions in the four
states as well as the 17 reaches along Lakes Erie and Ontario and the con-
necting waterways. The supply regions and the existing resource units
(linear feet of beach) are listed in the COMPATRAX output in MRI's Technical
Report No. 8. Y

(4) Allocation: The allocation of recreational activity participation
to supply resources is the final phase and most crucial step in the COMPATRAX
II model. All prior steps, including the demand functions discussed above,
are designed to prepare the raw demand and supply data for this allocation
step. Bands corresponding to the distances in the distance/distribution
matrix are first mathematically computed around each demand generator. It
should be remembered that geographical coordinates establish the distance
relationship between origin and destination areas.

After the potential demand is estimated for an origin area and appor-
tioned into the leisure activity participation periods and distance zones,
the model searches (by demand origin) for available supply regions within
each one of the activity periods and distance zones. The model then alloca-
tes the potential demand to the appropriate supply area based on the relative
quantity (and quality, if available) of resources within the particular zone.
An example of the allocation process is provided in Illustration No. 1.

It should be noted that linear feet of beach is used as a factor in allo-
cating swimming participation in the COMPATRAX model. Although square
feet of beach was calculated by the Lake Erie regulation model (see MRI's
Final Report--both demand and supply equations), a corresponding measure
for computing areas was not available for input into the COMPATRAX model.
While MRI's field inventory provided the square feet at each beach along
Lakes Erie and Ontario and the connecting waterways, similar data for
non-Great Lakes beaches are not provided in the State Comprehensive
Outdoor Recreation Plans (Michigan, Ohio, Pennsylvania, and New York).
The state plans present supply data for swimming only, in terms of linear
feet of beach. Since comparability of data bases is essential for use in
the COMPATRAX model, MRI simply utilized the lineal feet of beach
available by reach from the field inventory and subtracted this from the
total supply of linear feet available for each of the corresponding
SCORP regions adjacent to the lake reaches. Thus, MRI did not double
count the supply of beaches in the vicinity of lakes. Since similar
measures were used, and fluctuating lake levels do not result in expanding
area of beach to any great extent, it is felt that the use of linear feet
(as an allocation factor) will not have a major impact on the total bene-
fits F .',ided by the various lake level regulation plars.
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For the Lake Erie analysis, a total of 80 demand origins and 70 supply
destinations were input into the COMPATRAX model. It should be recognized
that the fewer the demand/supply areas, the greater the chance that some
demand will be lost within the system. For example, as the computer searches
for available supply units in particular distance zones, if a supply region
is not found, then that demand vanishes. In reality, people simply travel
further to the next supply region (a beach) to participate in swimming or
whatever the activity might be. In the model, however, this demand (or
participation) simply vanishes. This is commonly referred to as the
"aggregation problem." As more supply/demand input points are designated,
more demand shows up in the total system. Since the model, as a whole, is
based on average use, supply characteristics, participation patterns, etc.,
the aggregation problem should not have a major impact on the accuracy of the
forecasts as a whole. If anything, the total activity days of swimming,
forecast by the model, is underestimated.

b. Visitation Forecasts: The activity forecasts for 1985 through 2015
are shown on a following page. The Lake Erie Regulation evaluation requires
an analysis of demand up through 2035. Thus, a straight-line projection of
COMPATRAX activity was made for 2025 and 2035. The demand for these latter 2
years is contained in MRI's Final Report to the Buffalo District.

c. COMPATRAX Travel Values: A major output of the model is the market
summary (the top 30 market areas in terms of the number of visitors, percent
of use, and cumulative percent). The market summary for R008 follows the
activity analysis summary. These outputs were used to compute the COMPATRAX
travel values as shown in Illustration No. 2.
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COMPATRAX 11 Recreation Model Buffalo District
Midwest Research Institute Corps of Engineers
Kansas City, Missouri Beaches Activity Analysis

Table 7 - Activity Analysis - Summary Over All Attractions
(Participation and Percent of Total)

1985 1995 2005 2015

Activity Days (Thousands)

St. Lawrence River Reach R008 105 .39 112 : .38 120 : .38 : 126 : .37

St. Lawrence River Reach R007 0 0.00 0 : 0.00 0 0.00 : 0 0.00

St. Lawrence River Reach R006 69 .26 78 : .25 : 80 .25 85 .25

Lake Ontario Reach R2005 : 61 .23 67: .23 73 : .23 77 : .23

Lake Ontario Reach R2004 : 541 : 2.02 : 572 1.96 : 608 : 1.91 630 : 1.86

Lake Ontario Reach R2003 739 : 2.77 : 870 : 2.97 : 1,017 : 3.19 : 1,085 : 3.21

Lake Ontario Reach R2002 : 768: 2.88: 906: 3.10 : 1,059: 3.32 1,117 : 3.31

Lake Ontario Reach R2001 : 419: 1.57 : 476: 1.63 : 540 : 1.70: 568 : 1.68

Niagara River Reach R005 : 0 : 0.00 : 0 : 0.00 : 0 : 0.00 : 0 : 0.00

Niagara River Reach R004 : 1,110 : 4.16 : 1,174 : 4.01 : 1,259 : 3.95 : 1,296 : 3.84

Lake Erie Reach R3004 : 5,675 : 21.25 : 6,097 : 20.84 : 6,572 : 20.63 : 6,903 : 20.43

Lake Erie Reach R3003 : 6,859 : 25.68 : 7,423 : 25.37 : 8,006 : 25.13 : 8,480 : 25.09

Lake Erie Reach R3002 : 4,191 : 15.69 4,649 15.89 : 5,093 : 15.98 : 5,469 : 16.19

Lake Erie Reach R3001 : 1,086 : 4.07: 1,214: 4.15 : 1,342 : 4.21 : 1,446 : 4.28

Detroit River Reach R003 : 1,514 : 5.67 : 1,674 : 5.72 : 1,813 : 5.69 : 1,936 : 5.73

Lake St. Clair Reach R002 : 3,570 : 13.37 : 3,950 : 13.50 : 4,281 : 13.44 : 4,574 : 13.54

St. Clair River Reach RO01 : 0 : 0.00 : 0 : 0.00 : 0 : 0.00 : 0 : 0.00

Total : 26,707 : 100.00 : 29,262 : 100.00 : 31,863 : 100.00 : 33,793 : 100.00
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ILLUSTRATION NUMBER 2

COMPATRAX TRAVEL VALUES (ROOB)--
See Attached Market Analysis

One-Way

No. of Distance $/Milea (round trip) x

Origin Area Visitors (Air Miles x 1.35) Distance x No. of Visitors

1 90.4 45 $1,302

2 3.5 194 217

3 3.2 223 228

4 1.9 173 105

5 1.8 241 139

6 1.1 324 114

Total 101.9 $2,105

COMPATRAX = Total Travel Costs = $2 105 $20.66/Person = $5.58 +

Travel Total No. of Visitors I. 3.7 Persons/car
Values
(per individual) Entrance Fee (699)b = $6.27

a 16%/mile x 2 (round trip)
b MRI recreation beach supply inventory
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The average distance traveled by beach swimmers and the COMPATRAX travel
values by reach are listed below:

Average One-Way Distance
(All Visitor : COMPATRAX Travel Values

Reach (Top 10) Sources) : (All Visitor Sources)

RO08 65 65 6.27

R007 -

R006 105 105 9.77

2005 : 83 83 7.90

2004 : 94 97 9.09

2003 . 66 74 7.08

2002 : 52 59 5.77

2001 104 115 10.61

RO05

R004 : 27 30 3.26

3004 156 165 14.91

3003 152 154 14.02

3002 110 95 10.48

3001 : 36 44 4.52

R003 : 20 25 2.88

R002 . 25 30 3.29

RO01l - :-:-

Average 100 105 10.12
Weighted
Value
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Addendum to COMPATRAX Travel Values

Upon review of the input variables used in the COMPATRAX model, it was
observed that "double counting" occurred for a proportion of value associated
with projected beach visitation. This portion includes values of overnight
and vacation trips where more than one opportunity is consumed per person per
trip. In other words, in the initial calculation, the average weighted value
per trip was used instead of average weighted value per opportunity.
Adjustment factors were then developed to correct this oversight.

It was noted that the market summaries of the COMPATRAX activity-day
output were utilized to develop the travel values. Essentially, these market
summaries show the number of activity days originating in major market cen-
ters and "rank order" list these sources by origin area. In using these
market summaries, the assumption is that a visitor travels the entire
distance from origin "n" to destination "n" each time he participates in an
activity (in this case, swimming). However, some visitors may camp or stay
in a motel near the beach for several days to more than a week and swim each
day he visits the beach. Thus, his distance from origin "n" to destination
"n" actually takes place only once, with a short commuting distance between
the hotel or campground taking place daily. The use of the activity-day
market summaries tends to overestimate the total mileage involved in travel,
and thus overestimates the travel cost per person.

Although the COMPATRAX model provides market summaries by visitor-day,
visitors, and visitor-nights, this option was not utilized; thus, they are
not available in Technical Report No. 8. Because of the timing involved,
rather than rerunning the model, MRI developed correction factors for use in
estimating the number of visitors coming from each origin area. The calcula-
tion of the adjustment factor is shown on the attached tables. Essentially,
all few available hours and all-day outing trips are multiplied by 1 (given
full value). The remaining number of trips (overnight and vacation trips)
are multiplied by the factor 0.54 (roughly half their value). (Table 9)
This is the factor currently utilized in the COMPATRAX model for estimating
the number of visitors. The adjustment factors are higher for origin areas
close to destination areas than they are for more distant origins. In other
words, more of the trips from these areas tend to be round trips incurring on
the day the activity takes place. Whereas, the more distant origin areas are
corrected downward to account for the number of people staying in overnight
accommodations. The adjustment factors were then applied to the activity-day
outputs as shown in Table 10. Finally, the average one-way travel distances
(top 10 visitor sources) and the per capita travel costs are shown for each
of the reaches in the study area in Table 11.
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Table 9 - Development of the Adjustment Factors

Coefficients from the COMPATRAX Model
Distance : Vacation Overnight : Total Vacation Adjustment
(bands) : (percent) (percent) : and Overnight Factor

0-25 0 14.3a 14.3 0.934 b

26-50 8.5 27.1 35.6 0.836

51-75 12.5 34.4 46.9 0.784

76-175 20.6 34.4 55.0 0.749

176-275 66.6 33.3 100.0 0.540

276-475 76.9 23.1 100.0 0.540

Over 475 96.9 3.1 100.0 0.540

a Percent of activity, 0-25 mile zone
Vacation (vac) 0%
Overnight Trips (ON) 14% Overnight
All-Day Outings (ADO) 19% Factor = 14/98 X 100 = 14.3
Few Available Hours (FAW) 65%

b Example (origin with 10,000 visits)

FAW + ADO (85.7%) - 8,570 X 1.00 = 8,570

10,000 ON + vac (14.3%) - 1 430 X 0.54 = 772100:000
G4= 0.934
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Table 10 - Use of Adjustment Factors
(Illustration No. 2 - RO08)

$/Mile (round trip) X
Origin : : Adjustment Distance X No. of Visitors :
Area : Miles : Factor (see Illustration 2) : Adjusted Value

1 45 0.836 1,302 1,088a

2 194 0.540 217 117

3 223 0.540 228 123

4 173 0.749 105 79

5 241 0.540 139 75

6 324 0.540 114 62

Total 1,544

COMPATRAX Travel Total Travel
Values/Individual Costs =1544= $15.15/person = $4.09 + 0.68=
(adjusted) Total No. of7 t.7 persons/car $4.77

Visitors

4,825 total
Average One-Way 15544 miles traveled = 47.35 miles
Distance (miles) = 0.32 (round trip = 101.9 total No.
(adjusted) cost/mile) of visitors

a $1,302 X 0.836 (adjustment factor)
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Table 11 -Adjusted COMPATRAX Distance and Travel Costs

Avg. One-Way
Distance (Top 10) Per Capita

(Miles) TC ($)

R008 47.3 4.77

R007

R006 72.8 6.98

2005 58.0 5.69

2004 63.8 6.20

2003 46.0 4.66

2002 37.4 3.91

2001 70.5 6.78

RO05

R004 20.8 2.48

3004 98.8 9.23

3003 94.0 8.81

3002 80.9 7.67

3001 29.7 3.25

R003 14.9 1.97

R002 19.6 2.38

ROM- -

Weight Average 66.1 6.40
Entire Study
Area

G-146



Annex G -Origin of Users
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Table 1 - Wheatley - Origin of Users

Origin by County, : One-Way Distance
District or Regional : Percent : On Map : Actual Weighted

Municipality of Users (cm) (cm) (km)

Essex 53.9 4.9 39.2 2,112.9

Kent 19.4 7.1 56.8 1,101.9

Lamnbton 2.9 16.9 135.2 392.1

Huron 1.1 28.5 228.0 250.8

Middlesex .3 18.9 151.2 45.4

Wentworth .4 33.0 264.0 105.6

Ottawa Carleton 1.1 88.1 704.8 775.3

Ohio 5.0 8.0 64.0 320.0

Michigan 8.5 8.0 64.0 544.0

92.6 213.40 1,707.2 5,648.0

Average weighted one-way distance 5,648.0- . 92.6 = 60.99 km.

Average weighted round-trip distance = 121.98 km.
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Table 2 - Long Point Park - Origin of Users

Map Scale: 1 cln - 8 km

Origin by County, : : One-Wa Distance
District or Regional : Percent :-On Map : Actual : Weighted

Municipality : of Users : (cm) (cm) (km)

Essex : .4 : 31.1 : 248.8 99.52

Kent : .3 : 22.0 : 176.0 : 52.8

Middlesex : 9.4 14.0 112.0 : 1,052.8

Elgin : 6.4 : 10.2 : 81.6 : 522.24

Norfolk 7.6 10.1 : 80.8 : 614.08

Oxford : 16.1 9.0 72.0 : 1,159.2

Perth .5 : 17.9 : 143.2 71.6

Wellington : 1.1 : 22.2 : 177.6 195.36

Waterloo : 5.4 : 15.5 : 124.0 : 669.6

Brant : 11.i : 10.5 : 85.0 : 832.4

Haldimand : 1.1 : 7.9 : 63.2 : 69.52

Niagara 2.1 17.0 : 136.0 : 285.6

Wentworth : 17.7 : 15.2 121.6 : 2,152.32

Halton : 3.5 : 17.3 : 138.4 : 484.4

Peel : 1.2 : 23.0 : 184.0 : 220.8

Simcoe : .1 31.5 252.0 25.2

Metro Toronto : 5.3 : 23.0 : 184.0 : 975.2

Ourban : .3 : 31.0 : 248.0 74.4

Victoria .1 39.9 : 319.2 : 31.92

Haliburton : .4 47.2 : 377.6 : 151.04

Prince Edward : .2 43.3 346.4 : 69.28

Ottawa Carlton .2 : 62.5 : 500.0 : 100.0

Russell . 2.5 : 76.3 : 610.4 244.16

Timiskaming : .1 69.0 552.0 : 55.2

Thunder Bay : .2 121.4 : 971.2 194.24

Quebec . .3 77.0 : 616.0 : 184.8

93.6 : 6,920.6 : 10,587.68

Ohio .3 : 4.6 - Other Canada,
USA, world

New York 1.3 unspecified

Michigan .2

95.4

Average weighted one-way distance * 10,587.68 j 93.6 = 113.12 km.

Average weighted round-trip distance - 226.24 km.
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Table 3 - Darlington - Origin of Users

Map Scale: 1 cm- 8 km

Origin by County, : : One-Wa Distance
District or Regional Percent : On map Actual Weighted

Municipality : of Users (cm) (cm) : (km)

Essex .4 : 48.1 384.8 : 153.92

Kent : .1 : 41.2 : 329.6 : 32.96

Lambton : .5 40.2 : 321.6 : 160.8

Middlesex 1.0 : 31.3 : 260.4 250.4

Norfolk : .1 : 23.0 : 184.0 : 18.4

Oxford : .1 : 23.2 : 185.6 : 18.56

Waterloo : .7 : 19.1 : 152.8 : 106.96

Niagara : .3 : 21.2 : 169.6 : 50.88

Wentworth : 1.7 : 15.0 : 120.0 : 204.0

Peel : 2.0 : 11.5 92.0 : 184.0

Simcoe : .3 : 17.3 : 138.4 : 41.52

York : .7 : 9.9 : 79.2 : 55.44

Metro Toronto : 43.9 : 7.0 : 56.0 : 2,458.4

Durham : 33.3 : 5.2 : 41.6 : i,385.28

Victoria : .4 : 10.0 : 80.0 32.0

Haliburton : 1.2 19.0 : 152.0 : 182.4

Northumberland : .3 : 8.9 : 71.2 : 21.36

Hastings : .5 : 20.1 : 160.8 : 80.04

Russell .2 : 49.0 : 392.0 : 78.4

Quebec : 2.3 : 48.4 : 387.2 : 890.56

90.0 : : 3,748.8 : 6,406.28

Illinois : .4 :

Ohio : .7 7.2 - Other Canada,
USA, world

New York : 1.1 : unspecified

Michigan : .6

92.8

Average weighted one-way distance - 6,406.28 90.0 - 71.18 km.

Average weighted round-trip distance - 142.36 km.
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Table 4 - Presquile - Origin of Users

Map Scale: 1 cm= 8 km

Origin by County, : One-Way Distance
District or Regional : Percent : On Map Actual Weighted

Municipality : of Users : (cm) (cm) : (km)

Kent . .4 : 53.8 : 430.4 : 172.16

Elgin : .1 : 42.0 : 336.0 : 33.6

Waterloo . .6 : 25.1 : 200.8 : 120.48

Brant : .4 : 30.1 : 240.8 : 96.32

Niagara : 1.6 : 29.0 : 232.0 : 371.2

Wentworth .5 : 24.9 : 199.2 : 99.6

Halton : .8 : 22.2 : 177.6 : 142.08

Peel : 1.8 16.2 : 129.6 : 233.28

Dufferin : .3 : 31.8 : 254.4 : 76.32

Simcoe : .4 : 30.0 : 240.0 96.0

York : 1.0 : 20.2 : 161.6 : 161.6

Metro Toronto : 15.8 : 19.0 : 152.0 : 2,401.6

Durham : 6.8 : 16.5 : 132.0 : 897.6

Victoria : .3 : 18.3 : 146.4 : 43.92

Haliburton : .4 : 23.5 188.0 : 75.2

Peterborough : 2.4 : 12.0 : 96.0 : 230.4

Northumberland 2.6 5.5 44.0 : 114.4

Hastings : 29.5 : 13.2 : 105.6 : 3,115.2

Renfrew : .1 : 28.9 : 231.2 : 23.12

Lennox Addington : .5 : 27.7 : 221.6 : 110.8

Frontenac : .5 : 15.1 : 120.8 : 60.4

Leeds : .9 : 23.0 : 184.0 : 165.6

Ottawa Carleton : 2.6 : 29.7 : 237.6 : 617.76

Russell : .4 : 39.2 : 313.6 : 125.44

Timiskaming : .2 : 64.2 : 513.6 : 102.72

Algoma .4 : 82.8 : 662.4 : 264.96

Quebec : .8 : 41.0 : 328.0 : 262.4

Illinois : .2 : 60.0 : 480.0 : 96.0

Ohio .1 : 32.0 : 256.0 : 25.6

New York : .5 : 32.0 : 256.0 : 128.0

Michigan ,: .4 : 60.0 : 480.0 : 192.0

Minnesota : .3 : 60.0 : 400.0 : 144.0

73.6 : : 8,151.2 : 10,799.8

Average weighted one-way distance - 10,799.8 t 73.6 * 146.73 km.

Average weighted round-trip distance - 293.46 km.
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Table 5 - North Beach - Origin of Users

Map Scale: 1 cm 8 km

Origin by County, : One-Way Distance
District or Regional : Percent : On Map Actual Weighted

Municipality of Users (cm) (cm) (km)

Middlesex : .3 : 44.2 : 353.6 : 106.08

Wellington : .2 : 35.6 : 284.8 : 56.96

Niagara : .2 : 38.0 : 304.0 : 60.8

Wentworth : .3 : 29.3 : 234.4 : 70.32

Halton : .4 : 27.5 : 220.0 : 88.0

York . .2 : 23.0 : 184.0 : 36.8

Metro Toronto : 2.6 : 20.7 : 165.6 : 430.56

Durham : 1.8 : 20.0 : 160.0 : 288.0

Muskoka : .2 : 36.2 : 289.6 : 57.92

Peterborough : .2 : 16.0 128.0 : 25.6

Northumberland : 10.6 : 11.1 : 88.8 : 941.28

Prince Edward : 2.9 : 3.4 : 27.2 : 78.88

Hastings 72.1 : 13.8 : 110.4 : 7,959.84

Lennox Addington : .2 : 16.8 : 134.4 : 26.88

Frontenac : .3 : 21.2 169.6 : 50.88

Leeds : .2 : 21.5 : 172.0 : 34.4

Ottawa Carleton : 1.5 : 33.3 : 266.4 : 399.6

Grenville : .1 : 21.5 : 172.0 : 17.2

Stormont : .4 : 32.0 : 256.0 : 102.4

Russell : .2 : 41.0 : 328.0 : 65.6

Sudbury : .1 : 55.1 : 440.8 : 44.08

Quebec : .7 : 36.2 : 289.6 : 202.72

Ohio : .2 : 35.1 : 280.8 : 56.16

New York : .4 35.1 280.8 : 112.32

96.3 : : 5,340.8 : 11,313.28

Average weighted one-way, distance * 11,313.28 t 96.3 - 117.48 km.

Average weighted round-trip distance - 234.96 km.
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Annex H - Format Specifications for Canadian Water Level Data.

. Basis-of-Comparison minus plans in meters, conversion factor:
1 foot = .3048 meters.

. Data to be on IBM tape. If this is not possible, then data should
be on cards.

. Format:

(15, 4A4, 15, 5F 10.5)

1 - 5 year

6 - 21 name of lake or river

22 - 26 lake or river code (as given)

27 - 36 May

37 - 46 June

47 - 56 July

57 - 66 August

67 - 76 September

Lake and river codes are as follows:

Code Lake or River

1. Lake Huron
2. St. Clair River
3. Lake St. Clair
4. Lake Erie
5. Upper Niagara River
6. Lake Ontario
7. St. Lawrence River at Brookvllle-Morristown
8. Lake St. Lawrence
9. Lake St. Francis

Major sort by year, i.e.; 1901 Lake Huron
St. Clair River
Lake St. Clair, etc.

1902 Lake Huron
St. Clatr River
Lake St. Clair, etc.
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fl4 Environment Environnement o 05-512/3
Canada Canada 1410..@ 7054-5 124/30

867 Lakeshore Road, P.O. Box 5050
Burlington, Ontario vwAN
L7R 4A6 voft

INTERNATIONAL LAKE ERIE REGULATION STUDY

February 7, 1980

MEMORANDUM TO
MR. B. G. DE COOKE
CHAIRMAN, U.S. SECTION
REGULATION SUBCOMMITTEE

Subject: Additional Levels and Outflow Data Required
by the Environmental Effects Subcommittee (EES)
for Regulation Plan Evaluation

This request, as J. Urisk explained to Mr. Gregory during their
telephone conversation early this afternoon, is for updated sets
of the computer cards which you produced for us in early
September. The cards which we now have do not include recent
revisions in Lake Ontario level tabulations.. We are also request-
ing a new set of cards for absolute Plan 77 BOC levels for Lakes
Huron, St. Clair, Erie, and Ontario.

(A) For each regulation plan as input to the computerized beaches
evaluation, we would require the following, preferably on IBM
tape or, if this is not possible, on computer cards:

(1) Deviation (Plan 77 Basis of Comparison minus plan) in
metres; conversion factor: one foot - .3048 metres.

(2) Format: (15, 4A4, 15, 5F 10.5)

Columns I - 5 year,
"1 6 - 21 name of lake or river,
" 22 - 26 lake or river code (as given),

27 - 36 May,
" 37 - 46 June,

47 - 56 July,
57 - 66 August, and
67 - 76 September.

(3) Lake codes areas follows:

Code Laki

I. Lake Huron,
3. Lake St. Clair,4. Lake Erie, and
6. Lake Ontario.

G-1542
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Mr. B. G. DeCooke - 2 - February 7, 1980

(4) Major sort by year:

i.e., 1901 Lake Huron, Lake St. Clair, etc., and
1902 Lake Huron, Lake St. Clair, etc.

(B) (I) Absolute Plan 77 Basis of Comparison levels in metres;

conversion factor: one foot = .3048 metres.

(2) Format, coding and major sort as indicated above.

Please note that these items are of high priority. If feasible, we
would like you to bring these cards to the February 13, 1980, Study
Board meeting in Montreal. If that is not possible, we would like
to receive the data by February 22, 1980 to permit our beach group
to conduct its evaluation of the regulation plans.

We appreciate your continuing assistance in this matter. Should you
require any clarification regarding the request, J. Urisk would be
pleased to discuss any of the above-noted aspects with you.

C. Cheng and D. Busch
Co-Chairmen
Environmental Effects Subcommittee

cc D. F. Witherspoon
A. Holder

G 15
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Inputs to Program BEACH Patrick G. Buckley

A. Parameters - 1 card in Format (715,FlO.4,15,F5.3, 15)

The default values are specified in brackets. Leave blank for default

values.

col 1-5 number of lakes (9)
6-10 number of lakes with data

11-15 number of months (5)
16-20 number of beaches
21-25 number of districts (14)
26-30 number of district-lake combinations (18)
31-35 number of regions (4)
36-45 discount factor (percent) (8.50)
46-50 discount base year (1979)
51-55 wear-off rate (.02)
56-60 put I to eliminate L. Huron, 0 otherwise

B. Supply Data - in Format (10X,5F10.3)

First, on Gt. Lakes day-use supply, 1 card per lake-district. Second, over-
night supply, 1 card per lake-district. On each card:

col 1-10 identifiers

col 11-20 supply for May
21-30 supply for June
31-40 supply for July

41-50 supply for August

51-60 supply for September

C. Current Demand - in Format (10X,7F10.3)

First, home-based demand, 2 records per region. Second, non-home based
demand, 2 records per region. On each card:

col 1-10 identifiers
col 11-20

2 1-30

demand by Districts
" J

71-80

D. Demand Factors - 1 card per District in Format (10X,6F5.3)

On each card:

col 1-10 identifiers
11-15 fraction of home-based swimming in natural environment
16-20 fraction of home-based swimming in public areas
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7I

21-25 fraction of non-home based swimming in natural environment
26-30 fraction of non-home based swimming in public areas
31-35 fraction of swimming done by non-residents
36-40 per cent of total supply on Great Lakes

E. Per Cent Demand per Month - 1 card per District in Format (1OX,5F5.4)

col 1-10 identifiers
col 11-15 fraction (Z) in May
col 16-20 fraction (%) in June
col 21-25 fraction (Z) in July
col 26-30 fraction (Z) in August
col 31-35 fraction (Z) in September

F. Value of Opportunity - 1 card in Format (lOX,14F5.2)

col 1-10 identifiers
col 11-15.\

16-20 1
value of an opportunity for each District

in Dollars and Cents

76-80)

G. 1973/74 Population - 1 card in Format (IOX,4F1O.O)

col 1-10 identifiers
col 11-20

* population by Region (S.W., Central, Eastern, Algonquin)

41-50J

H. Supply Factors

Space standard is set in program: SF1 - 9.29
Turnover rate is set in program: SF3 - 1.2
Input 1 card per District in Format (5X,5F5.1,5X,5F5.3)

col 1-5 identifiers
col 6-10

11-1516-20 days per month available

21-251
26-30

col 36-40
41-45
46-50 Institutional Constraint Factor for each month
51-55[
56-60)
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I. Beach Data - 1 card per 2 beaches in Format (2(1OX,2FlO.O,2F5.0))

col 1-10 identifiers Beach 1
11-20 length Beach 1
21-25 water level Beach 1
26-30 wet beach width Beach 1
31-35 lake code Beach 1
36-40 district code Beach 1

col 41-50 identifiers Beach 2
51-60 length Beach 2
61-65 water level Beach 2

66-70 wet beach width Beach 2
71-75 lake code Beach 2
76-80 district code Beach 2

J. Scenario Name - 1 card in Format (20A4)

Type name on I card.

K. Population Card for Each Year - in Format (15,4F10.0)

col 1-5 Year (e.g. 1991)
col 6-15 Southwestern

16-25 Central Population by Region
26-35 Eastern for year

36-45 Algonquin

L. Hydrographs for Each Year in Format (15, 16X,15,5F10.5)

col 1-5 Year
col 6-21 Name of lake

col 22-26 numerical code for lake
27-36 t
37-46
47-56 Hydrographs for each month

57-66
67-76

NOTE: Order of K and L

for each year have:

1. population card (K.)
2. hydrograph card for each lake (L.)

follow with next year's population card, lake cards, etc.
(i.e. major sort is by year, minor sort by lake).
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Annex I - Stage-Value Relationship by Month and Reach (US)
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* 1 1OO.(. FT./PEH~SON C%1uUI)

IJ WArER LEVEL
I:FLUCTUATIO14S M4Y JUNE JULY AU(3UST SEw-TLPIHEH

+411.49 27.79 41.o9- 3J3.64

2 +1 _- 33-87 81e92 122.90 99.18 -i

)J REFERENCE WATER LEVEL!1  41.33 99.96 149.97 121.03 70.79

--- 4E8?79- T I1-8-.-u [17 7- 4-- 14 2--d7 -3

-2 56.25 136.05 204911 164e72 96.35__

-4 .71.17 172.14 25002 ) 2uds'41 121.91

K~ ~~ ~ .. .- ............. 5....~77

iReference water level for R008 is 241.8 IGLD.
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'I 100.SU. FTe/PiRSON 'il

WATERLEL

iFLUCTUATIONS MAY JUNE JULY AtJcJUST SEPTEMB3ER

L9 fie 0.000 0.00.9Cr 0.00 0.00

+ 1 0.00 0.00 0.00 0.00 0.000

).RFFFRENCE WATER LEVEL 0.00 0.00 0.00 0.,00 0.000

02 .00 0.00 0.00 0.00 0.000

0. 4 00 0 .00 0.00 0 .U600

I/:,3 Reference water level for R007 is 243.3 IGID.
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F

IJUTLNTIAL VALUE 01 HCR ETIOI-EACHES FOk ST. LA.;RETCE 04001-)
.100, ,I. FT./PF.kSOfj "1000)

WATER LEVEL

FLUCTUATIONS MAY JUNE JULY AU,UST SEPTEMBER

*+4 (.u0 0.00 O.0" 0.00 0.00

Iaf b. l9.43 f651 4*16

+1 4.13 14.49 26o52 21.12 11.41

REFERENCE WATER LEVEL _ .79 23.84 43.b2 34.73 1d.77

-9 *J e 18 6u, f'1 48,35 26,12

-2 12.11 42.52 77.o1 61.96 33.48

) ,. -4 17.-43 61.21 12.O0 t . I d 40.19

-b Ze, fb 9 5 l 14t.19 1lbe.41

PJReference water level for R006 is 244.9 IGLO.

liG16
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!", POTE- Nr-A--Vwtt-JF--"HE"CREA-qBt.A(;HL" PUK CA'%t OTARIO (200.-)

-) . I00,5u, FTIPtHSOiv M UM0

' .FLUCTUATIONS r4 Y JUNE JULY AU( UST SEPTEMHlE4

+ i 4 U.uo 010o 0.1,,o 0.00 u.00
.+2 UUU U*UU OAO 000 u. O0
+ 2.14 7,53 13,78 .97 5,93

REERC WATER LEVEL j -3 2.4 4". 25 75

-2 14. 79 51.95 95.05 715.08 4U,89

-4 2J.22 71.55 14902 118 , 83 64.21

-2Reference water level for 2005 is 245.5 IGLD.

.
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I

t

- -POTENT I u
10)0i.. 00S. F r./PLHSON (:IouU)

WATER LEVEL

FLUCTUATIONS MAt JUNE JULY AUGUST SEPTEMdER

+4 u.0o 0.00 0,000 0.00 0.00

+1 19.4u 67.78 Id., U2 98°7b b3,36

REFERENCE WATER LEVEL Y ,3.L18 152.O0 2Psi.12 221.46 119.66
-. [ 1--- ...... -67 ... 236 2 T--4 2 I --- 7 ---, r& , 96

I -2 91.d5 320.43 56630 +66.87 ?5?,27

-4 139.21 488,b6 694.-+9 712.28 3d,.H7

-Wi e a PIZ6 I-G LDT---I 2--6 r.2W- -- IT.-7 --

-t g- 
__

) Y. -Reference water level for 2004 is 245.5 IGLD.

) G-164



t)

-,)

.- POTENT1At L-tat --t -EC'fl-i-I ,,iC.. TE. 1' LA8 E A LiTT O-FrZL-O3 A
* 100,0. FT./PERS-U.,, (.UOUO)

WATER LEVEL

FLUCTUATIONS MAY JUNE JULY AU6UST SEjTE;i8EH

.4 0.00 0.00 0.00" 0.00 (1.00

"2 45.' 4.°05 ?.'43 r5. 43 t

.1 35.29 123.93 _2b.7b lbU.57 97 57

) REFERENCE WATER LEVEL 1.75 20,1.1 311ou 9 L',5.!u 1b9.67

P. t i*810b9 I s0itI-r) '

-2 1'J2. b8 35(.57 6!9.15 525,35 283.87

-4 14*.bO ,18.33 '48.41 t55.21 408.07

b 197ft. 9 370 0 0 V I u . 1

) 1/Reference water level for 2003 is 245.5 IGLD.
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: - 0t tA AU t KECETIFtL.t, (REA-.Uq I

10.-Q T/tSNViou

WAERLEE

RFREWATER LEVEL 4 22 l?3 29 i 2b47 1 .7

-26031 21.78 38159 308.5619*

)I-4 74.4o 2b1,2b 478.03 3b0.65 205.68

86 e 4 J19i f4 5bbfb 452of5 244.635-

) . Reference water level for 2002 is 245.5.
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+4 Ti 12itif( 4A.39 77.b7r- 6177 33)TDo7

REERC WATER LEVEL4'.7 17,6 39o 25b2 3.8

9 F 07 4. 0 380-37 61-.77 3.-3

Sii iI i!7 TW9-

.1+ 4 .347 141.67 277.571 20.77 111.57

-2 68.61 240,94 4409.b6 351.05 189.68

-4 81.4o 307.12 5b1.S 5 447.48 241.79

''i -6 i O.o. 3-3 6 03. US t43.69 -93.89I

.h

)I,' Reference water level for 2001 is 245.5 IGLD.

I7

)i
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I100.SU FT9/I'.HSOt (1.u00)

4 WATER LEVEL
FLUCTUATIONS MYJUNE~ JULY AUGUST SEP>TEMBER

+4 0.uO 0.00 0000- 0.00 0000

u 0~ u 0u 0.00 0.00 0.00 0.00

*p REFERENCE WATER LEVEL -i- U U100000 0.00 .00 0000

-2 0.00 0.00 0.00 0.00 0000______

-11 4 0100 0.00 0.j0 0.00 0.00

-6 u .o 731 jjb 0.Ou 0.00

I

* I Reference water level for R0O5 is 245.5 IGLO.
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-)

POE*14 tEO tE~A-Dq='-~E FOR NI()R HFrRO~-
) 100.SO9 FT./PEkSO14 ($uOO)

WATER LEVEL

FLUCTUATIONS MA Y JUNE JULY AUGUST SEPTEMdER

)4 O.(,O 0.00 0.00 0.00 0u.0

.1 9.56 31*88 4b.b- 41,b5 2r.36

)L REFERENCE WATER LEVEL 1_ 14.45 48.21 73.b4 62.99 4137

-1 ~ ~~ ~~ r- 98 .4 .45 P+3 - 3

)-2 24-.25 80*88 123o36 10 5.67 69*40

-4 34.1)4 113*54 f1"3.19 144.35 9/,44

43.63 i4o.21 223* 10.U, 19 1,3- 2i-47

'IReference water level for R004 is 563.9 IGLD.

Gii1
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---POTE-NTIAL VAtL U;- NLC?tAt1mr- f44CT4->: FOH-L~i-E 1~ 3r3

WATER LEVEL
H FLUCTUATIONS 11'UE JUL I' *4Uj;S F SE-r r t- -E:

+1 4'1u.45 lb6'929 2393,63 eutio.35 13 4 0.6 7

) REFERENCE WATER LEVFL. b 15 4 3209 1a,1.e5 ?bce.lb 1761.67

- - /l~3Fi3bt3-9- .3Bt. 314.02- -1 b.-66

-2 905.37 3j?0.08 '+f6(*5 A9' 1. 8 b 2c91.65

-4119t)431 3987*e7 t,'jc41./5 o,-'.54 34ife.64

I"Referende water level for 3003 is 571.3 IGLD.
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'i

--- PO T

1. I SQ. FT./PtNH3O,' 1 0 )

WATER LEVELI FLUCTUATIONS MAI JUNE JULY n.U&,UST SE? TtiAr3ER

) 4 u.uo 0.00 o.u0 0.00 0.o

u.oo 07- 0.00 0.00 0.00

Th+ .1 416.0b 10.99 245.55 21u.34 13n.15

REFERENCE WATER LEVEL /130.47 435,22 663,83 568,b3 373.4d
I - 2r27 6- ...T-g5 182.11 - '--v°2 ... 60.80 ...

-2 294.r,9 983.68 15UO939 128~5,21 8~44.13 __

II -4 4.59.-31 1532.13 2jb9 ?UQ1.?9 1314.78

-6 -b DTYe2 -ts 9- W i -1 . S1 27F4 i8,4
),

I/Reference water level for 3002 is 571.3 IGID.

.)G17
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4'- 1

, PUTE~IV---VAIE'D-OF--rCRE .. _ I.OniLWCTiE- UEEI UH LA,,-E-IE i uflT
-) 100.Q. FT./Pt-S.l', (.1uOu)

. WATER LEVEL
II FLUCTUATION% ML Y JUN4E JULY s U.'.,UST SEPTEMBER

+'4 e.U 7.b7 11. u 1u.02 t.L;

+1 1,.33 34.46 5?.56 45.0u2 ?4e 57

* REFERENCE WATER LEVEL 1_/ - %, ' 3.39 6'.Ib b6.ov 31.?3

- - 1. 0 52. 3Z- "o.dU

-2 le. 3 61,25 93.',2 bu., 2 256

)-4 23.(1 79.11 12().b6 103.3b 67d88

"" -6 "IF 9. '6,96 I_4T,90 u -26.6 9 83,.21

/Reference water level for 3001 is 571.3 IGLD.
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P

PDTEN1TVEi1?UUrOf LtA I 1T4iFE ACHES FO LTT~~ N

WATER LEVEL
FLUCTUATIONS MAY JUNE JULY ALJ(UST SEPTEMB3ER

)+4 0.u0 0.0 u0 0.00- 0.(J0 u.00

+4J1 11.89 d.73

+1./7 15 .,.5 22o55 19.87 1/A.58

REFERENCE WATER LFVFI. Y 99 21.59 31.61 27.85 2)4

-1 1J i.4u Lofeff 40*bf -1 3eI ________9_

-2 12.(2 33.95 4p9.73 43..30 32.15

-4 j 7.-35 46.32 --t7.84 59.76 43.86

i/Reference water level for R003 is 573.1 IGLO.

IG

-)I

I.__________________________________________________________________________
) i U~oSo F ./P,-bO,, (G-173u
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°.. . . .. _ _ _-:__... .. ... ... _ _

IUO.SUJ. Fr/PLS)O '11D)0u0) -

,,WATER LEVEL
FLUCTUATIONS MAY JUNE JULf AUbUST SEPTEMBER

) 4 O.UO 0.00 O00u 0.00 0.00

-ie.7 34o35 5u.31 44e32 32.53

. REFERENCE WATER LEVEL 1_. 7 51.44 75o34 66,36 48.7:3

-2 i2.oo 85.62 125.39 110.45 .06

-4 44etS8 119.79 175.43 154e54 113.41

I I/Reference water level for R002 is 574.1 IGLD.

1
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I.,

I)
- POTENTIAT--V- U-FR'ERE t~tc T-"DT-F- E i7 f- -- O1-A - 0 ' j

) IO00.SU, F*T,/Ptk . .; (.SI U00)

Li.-r
WATER LEVEL
FLUCTUATIONS MtkY JUNt ,JULY iU UbUST SEDTEm'AER

+4 0 .u0 0.00 0.00U 0.00 0.00 ---
----n--- uo d0 h7 1 00 - 0.- n-#1 .Uo 0,ouo o~ou- o~oo u9oo

'. ! -,20.00 0-.00 6.-O- 0.-0-. ... -0-.00 .. . .. .

) REFERENCE WATER LEVEL u .u0 0.00 u.00 0.00 .o0

i"[~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~~- .... ---- 0---o- --ooo0o, uO.. .

-2 0.uo 0.00 0.00 0.00 0.00

L . . ... .. . . . . . . . . . .. ...

-4 0.io 0.0 0 0. 0 -0. 0-0 .

I/Reference water level is 575.9 IGLD.

t1

Iii

! L .... ... .... . .... ..

. . . .II I 111-1 .. . .. .. . . .G- 1"7. . .



Annex J - Potential Benefit Relationship by Month and Reach,
1985-2035 (US)
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-,) us-NT-AL tIEE.FI u- ,'-A-TTuh(I10CFr I-UN ST. l:.,JCt ( (,h)

YEAR M A y JUNE JULY M6J(UST SEPTEAHER

1985 32.4 47.4 IT5. u b .53 31.b3

1995 3n.11 51 ..i 2 122.o7 69,69 i3. ,b

2Ou5 37.b2 54.b7 131,43 74.89 24.72

2u15 3 5f .40 1 b 0liJ U U /,63 Ll, Y6

2025 41.38i 6u.14 144.5-1 8?. 36 27.2oI

2035 43.26 o2.37 Ibl.14 oo.12 2 843

"G
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POTENITIAL LbENt.V1S Ji- kECREA11Qr4 FHEAD-ES FOR ST. LAMLN~CE (R007)
C:-11000)

YEAR MAY JUNE JULY AUGUST SEPTEMBR

1985 0ouu 0.00 0000 u.00 0.00)

1995 u.u00.( 0.00 ooo0.00 U.00

)2005 0.00 0.00 0.00 0.00 0000

2015 o.u0 0.00 oeuu 0.00 0.00

2025 0.00 0.00 0.o0 u.00; 0.00

2U35 0.100 0.00 0.00 0.00 U.00

) G- 178



AD-A114 591 INTERNATIONAL LAKE ERIE REGULATION STUDY BOARD F/B 13/2

JUL AlLAKE ERIE WATER LEVEL STUDY. APPENDIX 
B. RECREATIONAL BEACHES A--ETCIU)

UNCLASSIFIED NL

mhE1h hhE0h0hEIIIEmmoEEE

EhmhohhohhmhEE
mhhEohEEEmhEEIE....o o

mllllllllllllll
IIIIIIIIIII
IIIIIIIIIIII



La *36

IIIJL254 1,1112

MICROCOPY RESOLUTION TEST CHART
NATIONAL BURLAUJ OF STANDARDS 1963 A



I

[. PiTENTIAL I3ENLFlTS uF RECHEAf1UN IbEA-CHLS F()I $T. LAWH -NC. U0Ub;)
-(51000)

YEAR MtY JU14: JULY AUGUST SEPTEMBER

1985 3j.11 4t3.9d 117.16 fa. 1 2.1

1 1995 3b.15 52.53 1?b.29 71.)6 23.76

) 2005 39 .u8 56,79 136o5. 77,79 25.68

2015 "t.1,2 b0.34 145.ob h2.b5 21.29

2025 -+..96 6,9 1 J 6G b7.52 b8

2035 4b.,q1 67.44 1b2.13 92.38 3u.50

) 17

)l.

) i
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IT -

I,

-di P O T E N T I A L B E N E F I T ., U F ,'E C H FA T I O P- R E A C , h t z) F O R L A PE UN F , k lO ( 2 0 0 5)

YEAR M!Y JUNE JULY AUbUST SEP TEMBER

1985 24.u9 35.01 tS40ps 41.96 15.84

1995 2b.4b 38.,6 92.46 2o8 17.39

2005 28.63 41.90 100.74 57.40 18995

2015 30.41 44,20 1061 b 6n. 1O.99

2025 J1.99 4b.50 lllo7.7 bj.69 ? o ,_3

2035 33.57 48.79 117.30 t6,83 22.07

Ii

1H

'1

4 '_ _ _ __ _ _ __ _ _ _ _
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POTEWTIAL BENiT1MT:- tWICET1IF Oi LAKF UOFTIO(--,04

YEAR M/AY JU14 JUY .1%UIUST SEIME

19135 d~t~a -T51 2 4i,4.+b I-

1995 ie2 97 377.79 &s2 5 517,5 110 oO

)2005 2'16*34 o I . 57 9 65 4 1 5!3u. 01 181.61

2025 ?Y9b-i3 430.63 lC*35.27 bb~d 194ofb

)2035 300.jj 445.16 101002u bU9.79 201.32



PUTENTIAL tffNEI iTso .4hj CrjE~1 ION BEACH.Et- FOR L~'fE UNT'OkI(20Cot 3 )

YEAR 14 1%Y J U.-4 E JUL f AU(.'UST SEP'TE14ER

198-3 L 61961 .38 o .17 913995 526.75 171.93

1995 .9d 447.56 1 o75.pi3 613,06 2U2.40

icOOS 3(bUeui 52J.16 1e57.,b 716.65 236e6o

2025 4 111.ib 593.14 1425 e 9t M12.49 2?.2

2035 432.23 b2do12 151Ouu b0.41 24U
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.. POTE I AL HENEFIT' -UF NLicLrfE r dEACt-ts FUe LA ,E U4TAHIU (2t )je)

* (ilOO )

YEAR MAY JUNE JULY AUGUST SEPTEMaER

1985 2 .5( 32 1 .98 7 74 .u t ,+4 1 .J 5 1 ,+ .61

1995 261.38 379.d4 913.16 2. 31 , 1(1.IH

?.O05 305.52 443.98 10b7.37 608.17 200s79

2 0 1 5 'J2 4. i5 O .541 .4 b 2 1 1 .7 9

2025 33e.99 492.b2 11i4.2*9 e,74.79 222.78

) 2035 355.12 516.93 1242.1t 7ud.10 233.78

,))

)ii

.);;



--- 6TF- tTIfAL Et FI TS hJ kLCHEA1ION b8.ACi'LS FOI AKE O.~TAR1. (201)

I ( !.1000,)

I YEAR MA~Y JUNE jULY AWW~ST SEPTEM.3ER

1I995 :'.2 366996 8____ 2( -JU2,b6 J65045

YJ ~ 2.dbo47 41b*JO 1V00000i t>,7u.25 18b*27

eO15 %u.2 '3*1.bt int520 f S%991e~ jIdsJ3

2025 31n. ib ..559*47 1104.bu t,24.3t' ? _U __._

2035 331.uJ3 481.06 1156.49 otd9 215
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POTENTIAL tit-MTT, rut i'CiREuI1ON hELALHL. FOR NIArAHA HIL~tHOS
("1' 10 (1)

YE* 1! JU14E JULY AU( UST SEPTEIMi3ER

19t35 O.O 000 0.00ou U

195 u 0.00 0.00 0.00 (000

20&5 0 .u0 0.00 O*VO 0.00 0.00

u015 U.00 0.00 0.00 0.00

2025 0.uO .J 0.00 0.00olo 0.00S.I 2035 0.00 0.00 0.00 0.00 0.00
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,"UTE,-TIAL BENH-FIT:- UI- qL(..tAT ION HEACHIEb FOR NIAGAakA RI vER (R004)

YEAR . JUf. JULY i.UGUST SEPTEMBEH

196 1 3 ?2,3 t)2b1t 360j.h, 1Itb.91

199h 191.3b i78. .)9 bbl&t4 3bo*-o i lt.7b

)2005 eun.e2 e98922 71b.96 406*50i 134.87

2 uIb e I.ietl .iub.99 748.ue: 4e0*bl 13d * 1

20i5 223.31 324,bl 760.16 444,52 167
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POTEIA.:rlL iENLk1, OF HL(.t.ATII, LACrL- FO1 LAKE ERIE (,3U04)

YEAR A .4N JULY .UUST SEPTEMBER

1965 4e3U.71 14 Jo . 147 t.4_ A421 .bb 2180.42

1995 4t445jl bbi)2t Ib / 9,,i1 O4uo7.9u 29b 1.18

20Ou5 4699.43 (i19.b5 1711b.03 9752.80 3219.90

2015 514'o.1 1476.44 17976.12 1u 44.00 3382.07

202955 '3 7.03 18840.t6O 10/3 5.0 344.24

) 2035 5tb3-.71 b195.62 197U2.88 11226.40 37Ub,42

'-*

J !i ____

, I.._ _ _ _ _ _ _

4 :). _ _ _



1000

V

-),

l

tI,

k YEAR 4A JUNE JULY AULUST SEPTEMBER

1985 4818b.16 b'~d7*22 16797*1b 9-j71-12 3159*92

")j

1995 3u. 2 7t)61.76 18179.o3 lo3b4.13 4419.76

2005 5b12.21 8155966 19606.80 11171.6b 3bd8*34

* 2015 bV'44.4b 6638.52 207b7.64 11833.08 3'jub.71

_____5 627b.75 9121.38 21928941 12494*51 4125.(,8 __

?~035 609.o3 9b04.24 23069.30 1315i5.43 4343.45

'

) r

i - ") i.



4: ~ WDL9~-I7-F (.RAI HEC. FRL

YEA _________JLY___ST SE TE H

1965_ e__ _ _ _ _ _ 1_._________1__576 2_4 431_2 -,+-3.?r

195?3Vi b01 S06 b92 bu9

?00 ____ b7 *U 92 *4 3238 lt3P

2U35 32980 437.15~ 1138,45 64j.97 2142i.34



P.E;itA H -- -___rt___ HL___.TIO,, ______-F R u E ER E 30 1

Th. _ ____ ___ ____ ____ _____ ____ ___11100_ _)

YEAR ____4 __ _ _ _ _ JUNE_ __ JUL___ Y_ ___: S P EM E

1965 ehi4 _____________________61.3,
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IPvTbuIA~L tjEt'r.AiT-r JF HLCHEA11UN HLCHE LFTN ULTRITk N1VCW-( C0 03)

YEAR IM' JUNE JULY iUbUST SEPTEMBEk

1985 2 1 b 47 31b.632 71 .ut 443.98 143.26

i 15 241 .Ub 350.30 842.15 479.85 15tj 42

2UU5 261.U7 479.39 912.08 519.b9 171*58

eui5 e7b. lb 405. F3 973-.96 54 , ! 163. 22

eO?5 2 ).:)u 4.0.67 1035 od4 59.0 194.66

? 035 314.21 't56.61 1097.72 03?5.' o 206.50

NI

)d



Vi

POTENTIAL BENEFITS UF RECKEATIOJ hEAC'IIS FOP LAKE ST CLAIJ (RO02)

YEAR Mtuy JUNE JULY AUGUST SEPTLM9ER

198 5e7.26 63,341 2i)51 tb7 11 t9.Q o 3dlbt.95

- 1995 b4 . 17 944.25 22109U5 129. 44 476

2005' 7u4.e2 I'i23..38 24,-u,28 14u1.83 b.3

2015 152.42 1193.42 2beoebb 14'7,77 494~.49

2 025 ds 1,..o? lit3.4b 2747.05 I1)3.72-52b.17

2035 848,82 1233,51 2965.44 IoO9.b6 n57.64

)I

.1-
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I,!

'V.

POTENI AL 3EFi 1T$ s OF RW.CEA0TION tLACr It F-JN sFU ".IR KIVtH(OU1)

YEAR MAY JUNE JULY .AUbUST SEPTE14HER

1995 uOu 0.00 0.0 u.00 0100

005 0.00 0.00 .0 0.00 0.00

2015 u.uO 0.00 U.uO 0.uO i. 0u

)
2025 O.uo 0.00 O.OU u.O0 0.00

2035 u.00 0.00 .O0 0.00 u.00

.4.

- I)

) 1'

1

-'I

____



Annex K - Canadian Stage-Value Data

Canadian stage-value data was combined with stage duration data used in
the US method to measure the difference in average annual benefits on
Canadian beaches on Lake Erie under the 25N regulation plan. The sensitivity
test measures the difference in the Canadian simulation method with the US
stage-duration method. Table 1 presents average annual value under BOC
conditions and under 25N regulation plan and average annual benefits by
Canadian reach on Lake Erie using the stage-duration method.

Table 1 - Average Annual Belqfits Using Stage-Duration Method,
1979 Price Level! 1

PL-77 (BOC) 25N Plan Benefit
Canadian Reach ($000) ($000) ($000)

Niagara 7,885 7,905 20

Simcoe 1,962 2,381 419

Aylmer 2,202 2,409 207

Chatham . 6,567 7,446 879

Total 18,616 20,141 1,525

1/ Reflects price level adjustments from April 1977 to April 1979 (1.16875)

A listing of the HEC Expected Annual Damage Program used to compare
Canadian and US methodologies is presented below with printouts of results
(April 1977 price levels).
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TT AVFRAGE ANNUAL DAMAGE AKALYSTS .TCN 0knflN AUGUST lq80
TT TJC PEACHES KATER LEVEL TMPArT
TT THIS ANALYSIS EVALUATES IPACTs nF UNJE LAkE REGULATION PLAN
TT IT EVALUATES TPACTS OF THE ?SA' LAKE ERIF PEr. PLAN ON CANADIAN PEACkES
TT LAKE ERIE REACH El NIAGARA
TT REACHES TN THIS STUDY ARF SUR-CATEOPI7E fYMOMTH (MAY, JUN#... SEP)
TT DAkAGE VALUFS IN THnUSANDS CF DnLLAPS

Ji 50 196O 1985
# J2 8.5O 7.75

CN 1 BEACHES
ON I ER7 77 PLAJ

j PN 2 EP5 2cN PLAN
fy 6 19A5 199s 2005 2015 )025 2035
Pp 6

p RN REACH El NIAGARA (MAY)
FR ERTvY 15 100.0 92.2 68.3 A7.0 A5.7 46. 46.2 13.0
FR 11.7 9.1 7.8 6.5 5.2 3.9 1.3
SF EQ71'Y 1 569.3 569.9 570.0 570.1 570.3 571.3 571.5 572.3
SF 572.4 572.6 572.9 572.9 573.0 573.2 573.5
SD 4 569.3 570.8 573.0 560.4
DG E1vY19AS 504.1 504.1 504.1 0
DG EIPY19Q5 550.2 550.2 550.2 0
PG EINPYO0 579.1 579.1 579.1 0

) DG EIYOIS 594.8 594's 594.8 0
DG EIPY2025 597.9 597.9 597.9 0
OG ElY2035 586.7 586.7 56.7 0

j EP
FR ERSmY 17 100.0 07.4 q6.1 92.2 90.9 66o2 64.9 57.1
FR 55.8 28.6 27.3 9.1 7.8 5.2 3,9 2.6 1.3

p SF ERSwY 2 569.1 569.2 5(9.5 569.6 569.7 570.2 570.3 570.5
SF 570.6 571.1 571.2 571.6 571.8 572.0 572.3 572.4 572.4
ER

I RN REArH El t!IAGARA (JUINE)
FR ER7JN 18 100.0 q6.7 q4.8 93.5 '2.2 87.0 A0.5 79.2
FR 18.2 16.9 15.6 9.1 7.6 b.5 5.2 3.9 2.6 1.3

P SF ER7JN 1 569.3 569.6 569.7 569.6 569.8 570.4 570.5 570.6
SF 572.3 572.3 572.4 572.5 572.9 573.0 573.0 573.1 573.5 573.6
SD 4 569.3 571.0 573.0 590.6

.0 PG EItN1985 1018.8 1018.8 1018.8 0
PG EIJN19q5 J111.6 1111.6 1111.6 0
DG EIJNOO5 1169.9 1169.9 1169.9 0

) DG EIJN2O15 1202.4 1202.4 1202.4 0
OG EIJN?025 1208.0 1208.0 1208.0 0
nG EIJN2035 11P5.7 11@5.7 1145.7 0

p EP
FR ERSJN 17 10.0 98.7 90.9 A8.3 A4.4 A3.1 A1.8 66.2
FR 2.9 al.6 11.7 10.4 9.1 6.5 5.2 3.9 1.3

. SF ERSJN 2 569.3 569.4 569.7 569.8 570.0 570.0 570.1 570.5
SF 570.9 571.0 571.6 571.7 571.9 572.0 572.2 572.2 572.5
ER

I ON REACH El NIAGARA (JULY)
FR ER7JL 16 100.0 97. 40.9 69.6 P8.3 85.7 80.5 79.2
FR 67.5 63.6 14.3 13.0 10.4 5.2 3.9 1.3

p SF E07JL 1 569.3 569.6 569.8 570.0 570.3 570.4 570.5 570.b
$F 570.8 571.1 572.3 572.4 572.5 572.9 573.1 573.5

SO 4 569.3 571.1 572.9 560.5
a 09 EIJLI9@5 2629.9 2629.9 2629.q 0

nG F13L1995 2869.3 2869.3 2869.3 0

PG FIJL?00S 3019.9 3019.9 3019.9 0

n PG. EIJL?015 1103.1 3103.1 3103.1 0
OG EZJL7OP5 3218.3 3118.3 3118.3 0
PG FIJL?03S 3059.5 3059.5 309S 0

FR EPSJL 16 200.0 07.0 5.7 $3.1 A1.8 49.4 46.8 21.7
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FR t0.4 9.1 7.8 6.5 5.2 3.9 2.6 1.3
SF EPSJL 2 569.3 569.8 569.9 569.9 570.1 570.7 570.9 571.6
SF 571.6 571.7 571.7 571.9 572.0 572.1 572.2 572.4
ER
ON REACH El NIAGAHA (AUGUST)
FR ER74G 15 100.0 98.7 q3.5 P9.6  P8.3 59.7 58.4 1J.6
FR 13.0 9.1 7.8 5.2 3.9 2.6 1.3

• SF ER7AG 1 569.2 569.3 569.7 569.8 570.2 571.0 571.2 571.9
SF 572.2 572.3 572.5 572.6 572.8 572.9 573.2
SD 4 569.2 570.8 572.6 580.7
V DG EAG1985 1739.9 1739.9 1739.9 0
DG ElAGt9q5 1898.7 1898.7 1898.7 0
DG EIAG2005 1998.1 1998.1 1998.1 0
OG EISG?015 ?052.6 2052.8 2052.8 0
DG EIAG2025 2063.1 2063.1 2063.1 0
DG E1AG2035 2024.4 2024.4 2024.4 0

• EP
FR ERSAG 17 100.0 97.4 96.1 04.8 93.5 84.4 81.8 Se.4
FR S7.1 22.1 20.8 11.7 9.1 5.2 3.9 2.6 1.!
S SF EPSAG 2 569.1 569.2 569.3 569.3 569.4 569.7 570.0 570.4
SF 570.4 571.1 571.2 571.3 571.5 571.6 571.8 571.8 572.1
ER
RN REACH El NIAGARA (SEPTEMBER)
FR ER7SP 16 100.0 90.9 P9.6 84.4 83.1 77.9 76.6 66.2
FR 63.6 32.5 31.2 13.0 10.4 6.S 2.6 1.3
SF EPTSP 1 569.0 569.6 569.8 569.9 570.1 570.2 570.3 570.5
SF 570.7 571.2 571.3 571.8 572.1 572.2 572.7 572.7
S0 4 569.1 570.6 572.2 540.5

• OG EISPt98S 377.3 377.3 377.3 0
OG EISPI995 '11.8 411.8 411.8 0
OG EISP200S 433.6 433.6 433.6 0
D 0G EISP015 445.3 445.3 445.3 0
DG EISPPOPS 447.8 4a7.8 417.6 0
DG EISPP035 439.2 439.2 439.2 0
FP
FR EOSSP t6 100.0 98.7 94.8 93.5 84.4 83.1 75.3 74.0FR 67.5 66.2 14.3 13.0 7.8 3.9 2.6 1.3

• SF ERSSP 2 56868 569.0 5&9.0 569.2 569.6 569.7 569.8 569.9
SF 570.0 570.1 570.9 571.0 571.1 571.4 571.7 571.7
E£
TT AVERAGE ANNUAL DAMAGE ANALYSTS JON RROON AUGUST 1980
TT IJC REACHES WATER LEVEL IMPACT
TT THIS ANALYSIS EVALUATES IMPACTS OF ONE LAKE REGULATION PLAN
TT IT EVALUATFS I-PACTS OF THE 25N LAKE ERIE REG. PLAN ON CANADIAN BEACNES
TT LAKE ERIE REACH E2 SINCOE
TT REACHES IN THIS STUDY ARE SUR-CATEGORIZED RYVONTH CPAY, JUN1 ...SEP)TT DAPAGE VALUES IN THOUSANDS CF DnLLARS
j1 So 1980 1985
J2 8,50 7.75
CN I BEACHES
ON I E07 77 PLAN
RN 2 EPS 25N PLAN

• DY 6 19p5 1995 2005 2015 2025 ?035
PP 6
RN REACH E2 SImCnE (MAY)
F PR ERT7Y 15 100.0 92.2 P8.3 P7.0 85.7 46.8 44.2 13.0
FR 11.7 9.1 7.8 6.5 5.2 3.9 1.3
SF ER7vY I 569.3 569.9 570.0 570.1 570.3 571.3 571.5 572.3
SF 572.0 572.6 572.9 572.9 573.0 573.2 573.5
So a 569.3 570.8 573.0 57t,0
OG E2tY 69.4 46.2 13.7 0

• EP
FR EP5uY 17 100.0 97.4 q6.1 92.2 90.9 66.2 64.9 57.1
FR 55.6 28.6 27.3 9.1 7.8 5.2 3.9 2.6 1.3

) SF ERS0Y 2 569.1 569.2 569.5 569.6 569.7 570.2 570.3 570.5
SF S70.6 S71.1 571.2 571.0 S71.8 S72.0 S72.3 572.4 572.4
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ER

PN REACH E2 SIMCnE (JUNE)

FR ER7JN 18 100.0 98.7 94.8 93,S 92.2 p7.0 80.5 79.2
FR 18.2 16.9 15.6 9.1 7.8 6.5 5.2 3.9 2.6 1.3
SF ERJN 1 569.3 569.6 569.7 569.8 569.8 570.4 570.5 570.6
SF 572.3 572.3 572.4 572.5 572.9 573.0 573.0 573.1 573.5 573.6
SO 4 569.3 571.0 573.0 574.0

' DG E2,N19P5 486.2 3?1.2 ln6.9 0
OG F2JNd99S 500.0 3P1.2 106.9 0
EP

I FR ERSJN 17 100.0 98.7 90.9 A8.3 A.4 13.1 o1.8 66,2
FR 42.9 41.6 11.7 10.4 9.1 6.5 5.2 3.9 1.3
SF EPSJN 2 569.3 569.4 569.7 569,8 570.0 570.0 570.1 570.5

) SF 570.9 571.0 571.6 571.7 571.9 572.0 572.2 572.2 572.5
ER
RN REACh E2 SIRCOE (JULY)

) FR ER7JL 16 100.0 q7.4 90.9 A9.6 88.3 85.7 90.5 79.2
FR 67.5 63-.6 14.3 13.0 10.0 5.2 3.9 1.3
SF EP7JL 1 569.3 569.6 569.8 570.0 570.3 570.4 570.5 570.6

) SF 570.8 571.1 572.3 572.4 572.5 572.9 573.1 573.5
so 4 569.3 571.1 572.9 574.0
OG E2JL 977.5 603.7 223.1 0

) EP
FR EQ5JL 16 100.0 87.0 05.7 A3.1 81.8 49.4 46.8 11.7
FR 10.4 9.1 7.8 6.5 5.2 3.9 2.6 1.3

) SF ER5JL 2 569.3 569.8 569.9 569.9 570.1 570.7 570.9 571.6
SF 571.6 571.7 571.7 571.9 572.0 572.1 572.2 572.4
ER

j RN REACH E2 S1MCOE (AUGUST)
FR ER7AG 15 100.0 Q8.7 Q3.5 89.6 A8.3 59.7 58.4 15.6
FR 13.0 9.1 7.8 5.2 3.9 2.6 1.3

. SF ER7AG 1 569.2 569.3 569.7 569.8 570.2 571.0 571.2 571.9
SF 572.2 572.3 572.5 572.6 572.8 572.9 573.2
SD 0 569.2 570.8 572.6 570.1

i OG E2AG19PS 10?1.2 713.1 321.2 0
DG E2AG1995 1108.1 713.1 321.2 0
DG E2AG2005 1159.9 713.1 321.2 0

. DG F2AG2015 1186.8 713.1 321.2 0
OG F2AG2025 1186.8 713.1 321.2 0
DG E24G?035 1055.0 713.1 321.2 0

itJ EP

FR ERSAG 17 100.0 97.4 Q6.1 94.8 Q3.5 80.4 81.8 S8.4
FR 37.1 22.1 20.8 11.7 9.1 5.2 3.9 2.6 1.3a S F ER5AG 2 569.1 S69.2 S69.3 S69.3 569.4 S69.7 S70.0 570.4

SF 570.4 571.1 S71.2 571.3 571.5 571.6 571.6 571.8 572.1
ER

A RN REACH E2 SIMCOE (SEPTEMBER)
FR ER7SP 16 100.0 90.9 P9.6 84.4 @3.1 77.9 76.6 66.2
FR 63.6 32.5 31.2 13.0 10.4 b.5 2.6 1.3

0 SF ER7SP 1 569.0 569.6 569.8 569.9 570.1 570.2 570.3 570.5
SF 570.7 571.2 571.3 571.8 572.1 572.2 572.7 572.7
SO 0 569.1 570.6 572.2 574.0
DG E29PI9BS 183.7 183.7 183.7 0
0G EZSPI9OS 199.0 199.0 195.6 0
OG E2P2005 208.7 208.7 195.6 0

p OG E2SP?015 213.1 213.1 15.6 0
DG E28P2025 213.1 213.1 145.6 0
DG E2SP2035 207.5 207.5 1q5.6 0
FP
FR ERSSP 16 10000 98.7 94.8 93.5 0. F13.1 75.3 74.0
FR 67.S 66.2 14.3 13.0 7.8 3.9 2.6 1.3
SF EPSSP 2 568.8 569.0 5019.0 S69.2 569.6 S69.7 S69.8 569.9
SF 570.0 S70.1 570.9 S71.0 S71.1 S71.4 571.7 571.7

TT AVERAG[ ANUAL DAMAGE ANALYSTS JON PROP.'V aUGUST 1980

TT ------ lic PEACHES WATER LEVEL IMPACT
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TT THIS ANALYSIS EVALUATES IMPACTS nF ONE LAKE RFGULATION PLAN
TT IT EVALUATFS IMPACTS OF THE 25N LAKE ERIE REC. PLAN ON CANADIAN REACOES
TT LAKE ERIE RFACH E3 AYLMER
TT REACHES IN THIS STUDY ARE SUP-CATEGORIZED BY M'ONTH (KAY, JUN, .*.5FP)
TT nAWAGE VALUES IN THOUSANDS CF CnLLARS
Ji 5O 19po 1985
J2 A.50 7.75
CN I BFACKFS
PN I ER7 77 PLAN
PN 2 ERS 25N PLAN
DY 6 1q85 1995 2005 2015 PP05 2035
PP 6
RN REACH E3 AYLMER (MAY)
FR ER7MY 15 100.0 92.2 8.3 p7.0 PS.7 46.8 44.2 13.0
FR 11.7 9.1 7.8 6.5 5.2 3,Q 1.3
SF ER7Vy 1 569.3 569.9 570.0 570.1 570.3 571.3 571.5 572.3
SF 572.4 572.6 572.9 572.9 573.0 573.2 573.5
so 4 569.3 570.8 573.0 577.6
DG E3SY 149.9 122.6 F2.7 0
EP
FR ERSMY 17 200.0 97.4 96.1 02.2 90.9 66.2 64.9 S7.1
FR 55.6 2e.6 27.3 9.1 7.b 5.2 3.9 2.6 1.3
SF ER5wY 2 569.1 569.2 569.5 569.6 569.7 570.2 570.3 570.5
SF 570.6 571.1 571.2 571.6 571.5 572.0 572.3 572.4 572.4
ER
RN REACH E3 AYLMER (JUNE)
FR ER7JN 18 100.0 98.7 94.8 93.5 92.2 87.0 80.5 79.2
FR 18.2 16.9 15.6 9.1 7.8 6.5 5.2 3.9 2.6 1.3
SF ER7JN I 569.3 569.6 569.7 569.6 569.8 570.4 570.5 570.6
SF 572.3 572.3 572.4 572.5 572.9 573.0 573.0 573.1 573.5 573.6
SD 4 5A9.3 571.1 573.0 577.7
DG E3JN 284.4 227.3 159.4 0
EP
FR ERSJN 17 100.0 98.7 90.9 88.3 04.4 83.1 P1.8 66.2
FR 42.9 42.6 11.7 1O.4 9.1 6.5 5.2 3.9 1.3
SF ERSJN 2 569.3 569.4 569.7 5A9.8 570.0 570.0 570.t 570.5
SF 570.9 571.0 571.6 571.7 571.9 572.0 572.2 572.2 572.5

S ER

RN REACH E3 AYLMER (JULY)
FR EP7JL 16 100.0 97.4 90.9 89.6 06.3 85.7 80.5 79.2

FR 67.5 63.6 14.3 13.0 10.4 5.2 3.9 1.3
SF ER7JL 1 569.3 569.6 569.8 570.0 570.3. 570.4 570.5 570.6
SF 570.8 571.1 572.3 572.4 572.5 572.9 573.1 573.5
SD 4 569.3 571.1 572.9 577.6
DG FSJL 744.3 584.3 421.8 0
EP
FR ER5JL 16 100.0 87.0 p5.7 83.1 1.8 49.4 46.8 11.7
FR 10.4 9.1 7.8 6.5 5.2 3.9 2.6 1.3
SF ERSJL 2 569.3 569.8 569.9 569.9 570.1 570.7 570.9 S71.6
S 571.6 571.7 571.7 571.9 572.0 572.1 572.2 572.4
ER
RN REACH E3 AYLMFR (AUGUST)
FR ER7AG 1 100.0 48.7 0 3.5 99.6 68.3 59.7 58.4 25.6
FR 13.0 9.1 7.8 5.2 3.9 2.6 1.3
SF ER7AG I 569.2 569.3 569.7 569.6 570.2 571.0 571.2 371.9
SF 572,2 572.3 572.5 572.6 572.6 572.9 573.2
so 4 569.2 570.8 572.6 577.8
06 E3AG 602.0 649.1 483.7 0
Ep
FR ESSAG 17 100.0 97.4 96.1 94.8 93.5 64.4 A1 . S8,4
FR 57.1 22.1 20.8 tI,? 9.1 5.2 3o9 2.6 1.3.
SF ERSAG 2 S69.1 569.2 569.3 569.3 569.4 569.7 570.0 570.4
SF 570.4 5?I.1 571.2 571.3 5?1.5 571.6 571.6 571.6 S72.1
ER

) RN REACH E3 LYLMFR (SEPTEMBER)
PR fq73P 16 100.0 90.9 89.6 A4.4 83.1 ?7.9 76.6 66.2
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FR 63.6 32.5 31.2 13.0 10.4 6.5 2.6 1.3
SF Eo7SP 1 569.0 569.6 569.b 569.9 570.1 570.2 570.3 570.5
SF 570.7 571.2 571.3 571.8 572.1 572.2 572.7 572.7

SD 4 569.1 570.6 572.2 577.7
* OG E39P19@5 413.5 4f8.2 315.9 0

VG E3SP1995 446.2 408.2 315.9 0
DG E3PO05 464.1 408.2 315.9 0
DG E39PPI0S 472.4 408.2 315.9 0
fnG E38P2OPS 469.4 406.2 315.9 0
OG E3SP2O3S 452.2 400.2 315.9 0

EP
FR EDSSP 16 100.0 48.7 94.8 03.5 84.4 83.1 75.3 74.0

FR 67.5 66.2 14.3 13.0 7.8 3.9 2.6 1.3
p SF EPSSP 2 568.8 569.0 569.0 569.2 569.6 569.7 569.8 569.9

SF 570.0 570.1 570.9 571.0 571.1 571.4 571.7 571.7
EJ
TT AVERAGE ANNUAL DAMAGE ANALYSTS JON RRhM AUGUST 1980
TT IJC PEACHES WATER LEVEL IMPACT
TT THIS ANALYSIS EVALUATES TMPACTS nF ONE LAKE IEGULATION PLAN

g TT IT EVALUATES IMPACTS OF THE 25N LAVE ERIE PEg. PLAN ON CANADIAN BEACPE3

TT LAVE ERIE REACH Ed CHATHAM
TT REACHES IN THIS STUDY ARE SUP-CATEGOPIZEO PY MONTH (MAY, JUN, ... SEP)

TT PAVAGE VALUES IN THnUSANDS CF DnLLARS
Ji so 1980 1985
J2 .10 7.75

p CN I BEACHES
PN I ER7 77 PLAN
PN 2 ERS 25N PLAN
DY 6 1935 1995 2005 2015 2025 2035
PP 6
RN REACH Ed CHATHAM (MAY)
FR ER7MY 15 100.0 92.2 88.3 87.0 05.7 46.8 44.2 13.0
FR 11.7 9.1 7.8 6.5 5.2 3.9 1.3
SF EQ7MY 1 569.3 569.9 570.0 570.1 570.3 571.3 571.5 572.3

p SF 572.4 572.6 572.9 572.9 573.0 573.2 573.5
SD 4 569.3 570.8 573.0 575.2
nG E4pY 099.2 370.8 1A6.6 0
F FP
FR ERSMY 17 100.0 07.4 q6.1 92.2 90.9 66.2 64.9 57.1
FR 55.8 28.6 27.3 9.1 7.8 5.2 3.9 2.6 1.3

. SF ERSMY 2 569.1 569.2 569.5 569.6 569.7 570.2 570.3 570.5
SF 570.6 571.1 571.2 571.6 571.8 572.0 572.3 572.4 572.4
ER

* RN REACH El CHATHAM (JUNE)
FR ER7JN 18 100.0 98.7 94.8 935 02.2 87.0 A0.5 79.2
FR 18.2 16.9 15.6 9.1 7.8 6.5 5.2 3.9 2.6 1.3

* SF EP7JN 1 569.3 569.6 569.7 569.8 569.8 570.4 570.5 570.6
SF 572.3 572.3 572.4 572.5 572.9 573.0 573.0 573.1 573.5 573.6

SD 4 569.3 571.1 573.0 575.3
A DG E4JN 1439.8 1035.8 551.4 0

EP
FR ERSJN t7 100.0 8.7 0.9 A8.3 A4.4 83.1 A1.8 66.2
FR 42.9 a1.6 11.7 O.4 9.1 6.5 5.2 3.9 1.3

SF ERS.IN 2 569.3 569.4 569.7 569.8 570.0 570.0 570.1 570.5
SF 570.9 571.0 571.6 571.7 571.9 572.0 572.2 572.2 572.5

i ER
RN REACH El CHATHAM (JULY)
FR ER7JL 16 100.0 97.4 90.9 A9.6 A8.3 A5.7 80.5 79.2

1 FR 67.5 63.6 14.3 13.0 10.4 5.2 3.9 1.3

SF EP7JL 1 569.3 569.6 569.8 570.0 570.3 570.4 570.5 570.6
SF 570.8 571.1 572.3 572.4 572.5 572.9 573.1 573,S

J SD 4 569.3 571.1 572.9 575.2
DG E4JL 2559.7 1791.6 1010.6 0
EP

J FR ER5JL 16 100.0 A7.0 FS.7 83.1 81.8 49.4 06.8 11.7
----. - . 3.9 2.6 1.3
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SF ER5JL 2 569.3 569.8 569.9 569.9 570.1 570.7 570.9 571.6
) SF 571.6 571.7 571.7 571.9 572.0 572.1 572.2 572.4

FR
RN REACH E4 CI-ATHAW (AUGUST)
FR EP7AG Is I00.0 98.7 93.5 89.6 A8.3 59.7 58.1 15.6
FR 13.0 9.1 7.8 5.2 3.9 2.6 1.3
SF ER7AG 1 569.2 569.3 569.7 569.8 570.2 571.0 571.2 571.9
SF 572.2 572.3 572.5 572.6 572.8 572.9 573.2

so 4 569.2 570.8 572.6 575.3
OG FaAG 2495.9 1832.1 1114.4 0
EP
FR ERSAG 17 100.0 97.4 96.1 94.8 93.5 84.4 81.8 58.4
FR 57.1 22.1 20.8 11.7 9.1 5.2 3.9 2.6 1.3
SF ERSAG 2 569.1 569.2 569.3 569.3 569.4 569.7 570.0 570.4
SF 570.4 571.1 571.2 571.3 571.5 571.6 571.8 571.8 572.1
ER
RN REACH E4 ChATHAM (SEPTEMBER)
FR E07SP 16 100.0 90.9 P9.6 84.4 83.1 77.9 76.6 66.2
FR 63.6 32.5 31.2 13.0 10.4 6.5 2.6 1.3
SF ER7SP 1 569.0 569.6 569.8 569.9 570.1 570.2 570.3 570.5
3F 570.7 571.2 571.3 571.8 572.1 572.2 572.7 572.7
SD 4 569.1 570.6 572.2 575.3
OG E4$P1905 953.1 953.1 953.1 0
OG E4SP1995 1027.7 1027.7 1027.7 0
OG F4SP2065 1069.7 1069.7 1036.4 0
OG EUSPOI5 1088.2 1088.2 1036.4 0
DG E4SPPO25 1081.4 t081.4 1036.4 0
DG F4SP?035 1042.5 1042.5 t036.4 0

> EP
FR ERSSP 16 100.0 98.7 94.6 93.5 84.4 83.1 75..' 74.0
FR 67.5 66.2 14.3 13.0 7.8 3.9 2.6 1.3
SF EP5SP 2 568.8 569.0 569.0 569.2 569.6 569.7 569.6 569.9
SF 570.0 570.1 570.9 571.0 571.1 571.4 571.7 571.7
FJ

)
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Niagara

Equivalent Annual Damage Summary by Reach

Input Data Years = 1985, 1995, 2005, 2015, 2025, 2035

Period of Analysis - 50 Years

Discount Rate - 8.5000 Percent

Flood Plain Management Plans

1 - ER7 77 Plan
2 - ER5 25N Plan

Summary for Damage Category 1 - Beaches

Equivalent Annual Damage
: Without : Plan 2

Reach : Condition : Damage : Damage
No. IT : (Plan 1) : W/Plan : Reduced

1 ER5MY : 542.67 543.92 -1.26

2 ERSJN : 1096.24 1099.07 -2.83

3 ER5JL 2829.70 :2836.98: -7.28

4 :ERAG 1872.93 : 1877.08 -4.15

5 ERSP : 406.03 :407.15 -. 12

Beaches :6747.56 :6764.20 :-16.64
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Simcoe

Equivalent Annual Damage Summary by Reach

Input Data Years = 1985, 1995, 2005, 2015, 2025, 2035

Period of Analysis = 50 Years

Discount Rate % 8.5000 Percent

Flood Plain Management Plans

1 - ER7 77 Plan
2 - ER5 25N Plan

Summary for Damage Category 1 - Beaches

: Equivalent Annual Damage
:Witthout : Plan 2

Reach : Condition : Damage : Damage
No. TTD : (Plan 1) : W/Plan : Reduced

1 : ER5MY : 39.08 : 48.38 : -9.30

2 : R5JN : 267.89 : 340.08 : -72.19

3 : ER5JL : 549.04 : 671.43 : -122.39

4 : ER5AG : 630.60 : 780.76 : -150.16

5 : ER5SP : 192.83 : 196.58 : -3.75

Beaches : 1679.44 : 2037.24 -357.79
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Aylmer

Equivalent Annual Damage Summary by Reach

Input Data Years 1985, 1995, 2005, 2015, 2025, 2035

Period of Analysis = 50 Years

Discount Rate - 8.5000 Percent

Flood Plain Management Plans

1 - ER7 77 Plan
2 - ER5 25N Plan

Summary for Damage Category 1 - Beaches

: Equivalent Annual Damage
: Without : Plan 2

Reach : Condition : Damage : Damage
No. ID : (Plan 1) : W/Plan : Reduced

I ER5MY 113.70 124.98 -11.27

2 ER5JN 212.49 235.93 -23.44

3 ER5JL 560.96 613.33 -52.37

4 ER5AG 613.27 675.53 -62.27

5 ER5SP 383.67 410.89 -27.23

Beaches 1884.09 2060.67 -176.58
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Chatham

Equivalent Annual Damage Summary by Reach

Input Data Years = 1985, 1995, 2005, 2015, 2025, 2035

Period of Analysis = 50 Years

Discount Rate = 8.5000 Percent

Flood Plain Management Plans

1 - ER7 77 Plan
2 - ER5 25N Plan

Summary for Damage Category 1 - Beaches

Equivalent Annual Damage
Without : Plan 2

Reach Condition : Damage : Damage
No. 9ID : (Plan 1) : W/Plan : Reduced

1 ER5MY 329.96 382.36 -52.40

2 ER5JN 929.73 1096.50 -166.77

3 ER5JL 1679.15 1930.89 -251.74

4 ER5AG 1676.48 1946.89 -270.41

5 ER5SP 1004.09 1014.07 -9.98

Beaches 5619.41 6370.71 -751.30
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Annex L - Descriptive Recreational Boating Statistics
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Table 1 - Existing Utilization by Reach

Existing Utilization
Reach Berths/Slips Moorings

ROOI 2,467 0

R002 8,884 0

R003 4,326 0

3001 3,286 0

3002 13,296 13

3003 7,631 0

3004 2,528 133

R004 2,023 0

RO05 151 225

2001 855 3

2002 744 0

2003 2,179 113

2004 32 0

2005 2,465 116

R006 1,171 0
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Table 2 - Average Water Depth by Harbor and Reach

Water Depth
Berths/S ips Moorings

Reach/Harbor j/ : Mean SD : Sample No. Mean SD Sample No.

Ogdensburg : 5.8 :3.1 : 17 0 0 : 0

Alexandria Bay : 5.4 1.6 39 0: 0: 0

R006 : 5.3 :2.2 : 98 : 0 : 0 : 0
Clayton : 6.0 :1.6 : 52 : 0 : 0 : 0
Cape Vincent : 6.4 : 1.6 15 0 0 : 0
Chaumont Bay : 4.3 :1.4 : 24 :9.3 :1.5: 4
Sacketts Harbor : 8.2 :3.0 : 19 : 0: 0 : 0
Henderson Bay : 4.4 :1.3 : 50 :10.0: 0 : 8

2005 : 5.1 :2.0 : 242 :9.8 :.9 : 12
North Pond : 4.5 :1.2 : 20 : 0: 0 : 0

O;eg 9. • 3 2:1 : 0: 0:
2004 : 6.1 :1.7 : 4 : 0: 0 : 0Oswego : 9.7 : 3.2 : 10 : 0 : 0 : 0

Little Sodus Bay : 6.3 : 2.7 : 18 : 10.1 : .5 : 4
Sodus Bay : 6.0 : 2.9 : 48 : 9.0 : 2.8 : 12
Rochester : 6.8 : 2.2 : 83 : 0 : 0 : 0

2003 : 6.2 : 2.6 : 204 :9.3 : 2.4 : 16
Braddock Bay : 4.2 : 1.8 : 49 : 0 : 0 : 0

2002 : 4.2 : 1.8 : 63 0 : 0 : 0
Oak Orchard : 6.5 : 3.7 : 25 : 0 : 0 : 0
Olcott : 9.5 : 2.6 : 16 :11.7 : 0 : 1
Wilson : 5.5 : 1.4 : 41 : 0 : 0 : 0

2001 : 6.6 : 2.9 : 82 : 11.7 : 0 : 1
Niagara River : 6.2 : 2.5 : 136 0 : 0 : 0

R005 : 7.0 : 2.8 : 10 : 34.6 : 7.1 : 2
Grand Island : 5.4 : 1.7 : 58 0 : 0 : 0

R004 : 6.0 : 2.3 : 199 : 0 : 0 : 0
Buffalo Harbor : 10.1 : 1.7 : 63 : 6.3 : 1.0 : 3
Dunkirk : 4.1 : 1.0 : 9 :8.2 : -.0 : 3
Presque Isle : 8.5 : 2.4 : 146 :6.0 : 2.7 : 3

3004 : 8.5 : 2.7 : 229 : 6.7 : 1.6 : 11
Conneaut : 6.2 : 2.0 : 23 : 0 : 0 : 0
Fairport : 5.5 : 2.5 : 50 : 0 : 0 : 0
Chagrin River : 3.3 : 1.4 : 71 : 0 : 0 : 0
Cleveland : 9.3 : 2.3 : 163 : 0 : 0 : 0
Rocky River : 5.5 : 1.6 : 66 : 0 : 0 : 0
Lorain : 8.8 : 1.4 : 12 : 0 : 0 : 0
Vermilion : 4.9 : 1.7 : 100 : 0 : 0 : 0
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Table 2 - Average Water Depth by Harbor and Reach (Cont'd)

: Water Depth
* Berths/S11 M . Moorings

Reach/Harbor 1/ Mean SD : Sample No. Mean SSD :Sample No.

Huron 5.8 :2.3: 105 : 0: 0 0

3003 6.2 :2.8 : 787 :10.3: 0: 1
Sandusky 6.2 :2.4 : 293 6.4: 0: 1
East Harbor 5.0 :1.0 : 192 : 0: 0: 0
West and :
Middle Harbor 5.4 :1.3 : 238 : 0: 0: 0

Put-In-Bay 6.2 :2.0 : 44 : 0: 0 : 0
Catawba 6.0 :2.1 : 213 : 0: 0 : 0
Port Clinton 5.1 :1.6 : 224 : 0: 0 : 0
Toledo 7.0 :1.5 : 105 : 0: 0: 0

3002 5.7 : 1.9 : 1,356 : 6.4 : 0 : 1
N. Maumee River 3.8 : .8 : 147 : 0 : 0 : 0
Bolles Harbor 5.4 :1.0 : 36 : 0 :0 : 0

3001 4.6 :1.4 : 289 : 0 : 0. 0
Detroit River 7.3 : 2.0 : 157 : 0 : 0 : 0
St. Clair Shores 6.2 : 2.0 : 316 : 0 : 0 0

RO03 6.2 :2.1 : 389 : 0: 0: 0
Clinton River 5.8 : 1.8 : 243 : 0 : 0 : 0
Anchor Bay 4.9: 1.4 : 136 : 0: 0: 0
North Channel .4.7 :1.9 : 82 : 0: 0: 0
South Channel 3.8 .8: 11 0 0 0

R002 . 6.0 :2.0: 865 : 0: 0: 0
St. Clair River . 4.7 : 1.5 : 42 : 0 : 0 : 0
Black River 7.1 :2.0: 58 : 0: 0: 0

RO01 5.5 :2.2: 213 : 0: 0 0

1/ Average depths by reach include depth measurements from other facilities
that are within the reach but not in the listed harbors.
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Annex M Boating Stage-Damage Computations by Reach
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Table 1 - Stage Damage Computation, Reach ROO1

WATERWAY St. Clair Rier

REACH RO01 DERTK/SLIP x
AVE AGE DEPTH 5.5 Feet MOORING
ZERO U RENC -ATER LEVEL 575.9

: . : :Deproctated: : Total : Cumulative Damage Water

Required: : . Value :Rate of: Raturn : Return :Available: (1980) Level

Draft : Class Length :Nuaber: 1980 :Rturn 1980 : Value&
l

/ Depth : ($000) : ( CLD)
: (feet) $ : ($000) : (000)

6.0 : Sail : 40-64 0 12.890 : .10 : 0 0 : 5.5

6.0 :Aux Sail :40-64 0 58.040 :.075 : 0 0: 5.5

6.0 Cruiser : >64 0 250,000 .075 : 0 0 5.5

6.0 : Other : >84 0 150,000 : .10 : 0 0 : 5.

5.5 : Cruiser :40-64 26 69,500 : .075 : 135.5 133.5: 5 : 135.5: 575.9

5.0 : Sell : 26-40 0 7.890 : .10 : 0 135.5 : 4.5

5.0 : Aux Sail :26-40 65 20,090 : .075 : 97.9 233.4 : 4.5

5.0 : House/Pontoon: 40-64 0 25,500 : .10 : 0 233.4: 4.5

5.0 : Other : 40-64 0 34.430 : .10 : 0 233.4 : 4.5 : 233.4: 574.9

4.0 : Sall : 16-26 0 3,890 : .10 : 0 233.4 : 3.5

4.0 : Aux Sail : 16-26 209 9,500 : .075 : 148.9 382.3 : 3.5

4.0 : Cruiser : 26-40 548 24,340 : .075 :1,000.4 1,382.7 : 3.5

4.0 : BouseiPootoon: 26-40 117 15.500 : .10 : 181.4 1,564.1 : 3.5
* : : : .

4.0 : Other : 26-40 0 13.870 : .10 : 0 1,564.1 : 3.3

3.5 : Cruiser : 16-26 183 7,770 : .075 : 106.6 1,670.7 : 3.5 : 1,670.7: 573.9

3.0 : Cruiser : (16 0 5,200 : .075 : 0 1,670.7: 2.5

3.0 : House/Pontoos: 16-26 13 3,500 : .10 : 4.6 1,675.3 : 2.3

3.0 : Other 16-26 0 6,050 : .10 :, 0 1,675.3 : 2.5

3.0 : in/Out 26-40 13 10,530 : .125 17.1 1,692.4 : 2.5

3.0 : Inboard 26-40 13 13,530 : .10 17.6 1,710.0: 2.5 :

2.5 :Sail <16 0 80: .10 0 1,710.0: 2.5 :

2.5 : Aux Sail <16 13 1,280 : .075 1.2 1,711.2: 2.5

2.5 : In/out 16-26 675 6,180 : .125 675.9 2,387.1 : 2.5
a : * :a: 2

2.5 : Inboard 16-26 209 8,300 : .10 173.5 2,560.6 : 2.5

2.5 : Outboard 40-64 0 0 6.200 : .125 0 2,560.6: 2.5 :2,560.6: 572.9

2 : 2

2.0 • Inboard (16 -0: 5,200 : .10 1 0 2,560.6 t 1.5
S : a :aa

2.0 zOther <16 0 2,920 a.10 0 2,560.6 : 1.5
2 2: :"* a

2.0 a Outboard 26-40 1 0 5,200 a .125 t 0 2,560.6: 1.5

1.5 : Outboard 2 <16 t 157: 1,160 : .123 22.8 2,583.4 1.5
2 : : :

1.5 :In/Out (16: 0 3,00: .125 0 2,563.4: 1.3:5 2 : 2

1.5 : Outboard 16-26 1 26 3,180 : .125 s 10.3 2,593.7 : 1.5 2.393.7: 371.9

1/ Cumltto totals may set add due to tunding.
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Table 2 - Stage Damage Computation, Reach R002

WATERWAY Lake St. Clair
REACH R002 BERTH/SLIP x
AVERAGE DEPTH 6.0 NOORING
ZERO REFERENCE WATER LEVEL 574.1

. : -Depreciaced: : Total Cumulative Dome Water
Required: . : Value :Rate of: Return : Return Available: (1980) : Level
Draft : Class : Lanath :Nuaber: 1980 :Return : 1980 : Value

/  : Depth : ($000) : (IGLD)
: : (feet) S : :CS$00): ($000) : : :

6.0 :Sail :40-64 0 12,890 .10 : 0: 0: 6.0 : .

6.0 :Aux Sail 4 0-64 : 52 58.040 .075 :226.4 : •226.4 6.0 : :

6.0 :Criser : 64 0 20000 .075 : 0 : 226.4 : 6.0 :
6.0 :Other 64 0 150.000 .10 0 226.4 : 6.0 : 226.4:574.1

.5 :Cruiser 0-64: 206 69,500 .075 :1,073.8 : 1,300.2 : 5.0

5.0 Sail :26-40: 0 7,890 .10 : 0: 1,300.2: 5.0

5.0 : Aux Sail : 26-40 : 867 20,090 .075 :1,306.4 : 2,606.6 : 5.0

5.0 : House/Pontoon: 40-64 : 41 25,500 .10 104.5 : 2,711.1 : 5.0

5.0 : Other : 40-64 : 0 34.430 .10 : 0 : 2,711.1 5.0 2,711.1: 573.1

4.0 : Sail : 16-26 : 10 3,890 .10 : 3.9 : 2,715.0

4.0 : Aux Sail : 16-26 :1,300 9,500 .075 : 926.3 : 3,641.3

4.0 : Cruiser : 26-40 :2,414 24,340 .075 :4,406.8 : 8,048.1

4.0 : House/Poatoon: 26-40 : 124 15.500 .10 : 192.2 : 8,240.3 :
* . : : .

4.0 : Other : 26-40 : 10 13,870 .10 : 13.9 : 8,254.2 : 4.0 8254.2: 572.1

3.5 : Cruiser : 16-26 : 774 7,770 .075 : 451.1 : 8,705.3 :

3.0 :Cruiser : <16 : 0 5,200 .075 : 0: 8,705.3: •

3.0 : House/Pontoon: 16-26 : 0 3,500 .10 : 0: 8,705.3

3.0 :Other :16-26 : 0 6.050 .10 : 0: 8,705.3:
2 : |: :

3.0 : In/Out :26-40 : 165 10,530 .125 : 217.2: 8,922.5: :

3.0 : Inboard :26-40 : 93 13,530 .10 : 125.8: 9,048.3: 3.0 :9,048.3:571.1

2.5 :Sl <6: 21 680 .10 : 1.8: 9,050.1:

2.5 : Aux Sail : <16 : 21 1,280 .075 : 2.1 : 9,052.2

2.5 : in/out : 16-26 :2,084 6,180 .125 :1,609.9 : 10,662.1

2.5 : Inboard : 16-26 : 279 8,300 .10 : 231.6 : 10,893.7

2.5 :Outboard :40-64 : 0 6,200 .125 : 0: 10,893.7:

2.0 : Inboard : (16 : 0 5,200 .10 : 0: 10,893.7:
$ 2 : . .

2.0 :Other : 16 : 0 2,920 1 .10 : 0: 10,893.7:
2 * : : : 2 : I

2.0 : Outboard I 26-40 2 0 3 5,200 s .125 1 0 : 10,893.7 : 2.0 :10,893.7: 570.1
$ I a : : : :

1.5 : Outboard : <16 : 165 1,160 .125 : 23.9: 10,917.6
: S I $ : a 2

1.5: Zn/Out 6: 10 3,800 .123: 4.8: 10,922.4:
a a a : :

1.5 : Outboard : 16-26 g 248 S 3,180 .125 : 98.6 a 11,021.0 : 1.0 :11,021.0: 569.1
a a a a : : a

1/ Cumulative total$ my sot add due to eaIm".
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Table 3 - Stage Damage Computation, Reach R003

WATERWAY Detroit River
REACH TOO3 BERTH/SLIP I
AVERAGE DEPTH 6.2 HOOING
ZERO FitrU?£Cz WATER LEVEL 573.1

:Depreciated: Total : Cumulative : :Dan&ge Water

Required: : Value :Rate of: FAtura Return :Available: (1980) : Level

Draft : Class : Length :uuber: 1980 :Return : 1980 : Valu/ : Depth : ($000) (IGLD)

(feet): : $ 2(1000): ($000) 7:

6.0 :Sell :40-64: 0: 12,890 :.1O : 0 0 5.2

6.0 : Aux Sall : 40-64 i 56: 58,040 : .075 : 243.8 : 243.8 5.2

6.0 : Cruiser > )64 : 11 : 250.000 : .075 : 206.3 : 450.1 5.2

6.0 :Other : >64: 0: 150,000 :.10 : 0 : 450.1 5.2

5.5 : Cruiser : 40-64 : 189 : 69,500 : .075 : 985.2 : 1,435.2 5.2 : 1.435.2: 572.1

5.0 : Sail : 26-40 : 11 : 7,890 : .10 : 6.7 : 1,443.9 4.2

5.0 : Aux Sall :26-40 : 289: 20,090 : .075 : 435.5: 1,879.3 4.2

5.0 : Houe/Pontoon: 40-64 : 33: 25,500 : .10 : 84.2: 1,963.5 4.2

5.0 Other : 40-64 : 0 : 34.430 : .10 : 0 : 1,963.5 4.2 : 1,963.5: 571.1

4.0 : Sall :16-26 : 56: 3,89o : .10 : 21.8: 1,985.2 3.2

4.0 : Aux Sal : 16-26 : 545: 9,500 : .075 : 388.3 : 2,373.6 3.2

4.0 Cruiser : 26-40 :1,268 : 24,340 : .075 :2,314.7 : 4,668.3 3.2

4.0 : ous/Poncoon: 26-40 56: 2.500 : .10 86.8: 4,771.1 3.2

4.0 : Other :26-40 : 0: 13,870 .10 0 : 4,775.1 3.2

3.5 : Cruiser : 16-26 : 311 : 7,770 .075 181.2 : 4,956.3 3.2 : 4,956.3: 570.1

3.0 : Cruiser : <16 : 0 : 5,200 .075 0 : 4,956.3 2.2

3.0 : Rouse/Pontoon: 16-26 : 0: 3,500 .10 0 : 4,956.3 2.2 :

3.0 : Other : 16-26 : 0 : 6,050 .10 0 : 4,956.3 2.2

3.0 : In/Out : 26-40 : 78: 10.530 .125 102.7 : 5,059.0 2.2

3.0 : Inboard : 26-40 : 33 : 13,530 .10 ".6 : 3,103.6 2.2

2.5 :Sal : (16: 0: 860 .10 0 : 5,103.6 2.2

2.5 :AuX Sail : 16 : 0: 1,280 .075 0 : 5,103.6 2.2

2.5 : in/Out : 16-26 :1,168 : 6,180 .125 902.3 : 6,005.9 2.2
2:2 " 2 : :-

2.5 : Inboard :16-26 89: 8,300 .10 73.9: 6,079.8 2.2
: : :: 2 2

2.5 : Outboard :40- 0: 6,200 .123 0 : 6,079.8 2.2 :6,079.8: 569.1

2.0 :Inboard : 16 0: 5,200 .10 0 : 6,079.8 1.2 .

2.0 1 Other (16 0: 2,920 .10 0: 6,079.8 1.2 :
2 : 2 : 2$ 2

2.0 : Outboard : 26-40 0: 5,200 .12 2 0 : 6,079.8 1.2
2 : : : : :

1.5 : Outboard : 16 111 1,160 .125 16.1: 6,095.9 1.2
a, : : : :

1.5 : Ia/Out * (16 1 0 1 3,800 .125 : 0 2 6,095.9 1.2 :

1.5 : Outboard : 16-26 22: 3,180 .125 t 8.7: 6,104.6 1.2 : 6,104.6: 568.1
I : : : a | 2 a

/ Cmulative totals may not ad due to rowadift.

Irit l " I.



Table 4 - Stage Damage Computation, Reach 3001

VATEZIRAY Lake Erie
REACH 3001 RUETN/SLZP I
AVERAGE DEPTH 4.6 •NORING
ZERO REFUENCE VATER LEVEL 571.3

:Depreclated: : Total Cumulative : : ae Water

Requited: : Value RAce of: Return Recurn :Available: (1980) Level
Draft Cles : Length :iusber: 190 .:eturn : 1960 t Value.

/
' Depth ($000) : (ZGD)

(feet): $ : ($000): ($000) :

6.0 :Sall :40-64: 0: 12,90: .10 : 0 0: 5.6

6.0 :Aux Sall :40-44 0: 58,040 :.075 : 0: 0: 5.6

6.0 :Cruiser )64: 0 :250,000 : .075 0: : 5.6

60 Otr : 64 : O 150.000 :.10 0 0 :5.6 0: 572.3

5.5 Cruiser 40-64: 69,500 : .075 : 57.3 : 57.3 : 4.6

5.0 0Sl 26-40 : 7,690 :.10 : 0: 37.3: 4.6

5.0 : a 1il. : 26-40 : 422: 20,090 : .075 : 635.8: 693.2: 4.6

5.0 z Houae/Postoou: 40-64 : 0: 25.500 : .10 : 0: 693.2 : 4.6

5.0 : Other :40- : 0: 34.430 : .10 : 0: 693.2: 4.6 : 693.2: 571.3

4.0 :Sail : 16-26 : 0: 3.890 : .10 : 0: 693.2: 3.6

4.0 : Aux Sall : 16-26 : 331 : 9,500 : .075 : 235.8: 929.0: 3.6

4.0 : Cruiser : 26-40 : 514 : 24,340 : .075 : 938.3 : 1,867.3 : 3.6 : :

4.0 : Roue/Pontoou: 26-40 : 46 : 15,500 : .10 : 71.3 1,938.6 : 3.6 :

4.0 : Other : 26-40 : 0 : 13,870 : .10 : 0 : 1,936.6 : 3.6 : 1,936.6: 570.3

3.5 : Cruiser : 16-26 - 171 : 7,770 : .075 : 99.7: 2,038.3 : 2.6

3.0 : Cruiser : <16 : 0 : 5,200 : .075 : 0 : 2,038.3 : 2.6

3.0 : Rouse/Pontoon: 16-26 : 0: 3,500 : .10 : 0: 2,038.3 : 2.6 : :

3.0 :Other : 16-26 : 0: 6,050 : .10 : 0: 2,038.3: 2.6
2 : : : t : :

3.0 : In/Out :26-40 : 0: 10,530 : .125 : 0: 2.038.3 2.6

3.0 : Inboard : 26-40 4 46 : 13,530 : .10 : 62.2 : 2,100.5 2.6 : 2.100.5: 569.3

2.5 :Sall s 16: 0 t 0a:g . : 0: 2.100.5: 1.6
S : : : * 2 2

2.5 :A SIll : <16: 0: 1,20 :.075: 0: 2,100.5: 1.6 :

2.5 : In/Out : 16-26 : 776 : 6,160 : .125 : 599.5 : 2,700.0 : 1.6
t a - : :

2.5 Inboerd :16-26 S 251: 8,300 :.10 : 208.3: 2,908.3: 1.6
a : : : $ : "

2.5 Outboard :40-64 : 0 : 6,200 : .125 : 0: 2,906.3: 1.6
a : a :

2.0 1lnboard : 16 0: 5,200 2.10 a 0: 2,906.3: 1.6

2.0 t Other I <16 S I1 1 2,920 1.10 s 3.2: 2,911.5 1 1.6 1

2.0 : Outboard : 26-40 : 0 : 5,200 : .125 : 0 : 2,911.5 a 1.6 : 2,911.5: 566.3

1.5 : Outboard : 16 t 342 : 1,160 a .123 a 49.6: 2,961.: .6 1 a
* : a a : a a a a a a

1.5 toI/out s (6: 11 3,800 z.125 1 5.2: 2,9 .3 : .6 3
2 1I 2 S I I 2 8 a at

1.5 1 Outboard s 16-26 £ 354 : 3,160 : .125 t 140.7 : 3,107.1 s .6 a 3,107.11 567.3
a 3 : a E a I : a S

IfColeive total@ mey vat add due to 186eiu

G-2 13



Table 5 - Stage Damage Computation, Reach 3002

WATERWAY Lake Erie
REACH 302 BnT/SUP I
AVERAGE DEPTH 5.7 NOORING I
ZERO Uf1RUICE WATER LEVEL 371.3

: ::eprecLited: : Total : Culative Ouge Water
Required: : Value t e Of: Return : Return :Available: (1980) Level
Draft : Class Lenth :Number: 1980 :Return : 1980 t Veluia/ Depth : ($000) (IGLD)

S(foot) $ : (s000) : ($000)
6.0 :Sel :40-64 0 : 12.890 .10 : 0 : 0: 5.7

6.0 :Aux :4 40-4: 20: 58,040 .075 67.1 7.1: 5.7

6.0 : Cruleer >64. : 0 250,000 .075 : 0 87.1 5.7

6.0 : Other : >44 : 10 : 150.000 .10 : 150.0 : 237.1 : 5.7 : 237.1 : 571.3

5.5 : Cruiser :40-64 : 334: 69,500 .075 :1,741.0: 1,978.1 : 4.7

5.0 :Sail :26-40: 138: 7,890 .10 :108.9: 2,066.9• 4.7

5.0 Aux Sail :26-40 : 521: 20.090 .075 : 785.0: 2,871.9: 4.7
: :• : a a

5.0 :ouo/Postoon: 40-4 : 20: 25,500 .10 : 51.0: 2,922.9: 4.7

5.0 : Other :40-44 : 0: 34,430 .10 : 0: 2.922.9: 4.7 a 2,922.9 :570.3

4.0 :Sail :16-26 : 88: 3,890 .10 : 34.2: 2,957.2: 3.7

4.0 : AuX Sail : 16-26 : 649 : 9,500 .075 : 462.4: 3,419.6: 3.7

4.0 : Cruiser :26-40 :2,742 : 24,340 .075 :5,005.5: 6,425.1 : 3.7

4.0 : nouao/Poutoon: 26-40 : 79: 15,500 .10 : 122.5 : 8,547.5 : 3.7 a
I * a .. a

4.0 : Other : 26-40 : 20 : 15,870 .10 : 27.7 : 8.575.3 : 3.7 6 8,594.9-: 569.3

3.5 : Cruiser : 16-26 :1,110: 7,770 .075 : 64.9: 9,222.1 a 2.7

3.0 Cruiser : (16 : 20: 5,200 .075 : 7.8: 9,229.9: 2.7

3.0 : Beuas/Pomtoon: 16-26 : 29 : 3,500 .10 : 10.2 : 9,240.1 : 2.7

3.0 : Other z 16-26 : 10: 6.050 .10 : 6.1 : 9,246.1 : 2.7

3.0 : in/Out : 26-40 : 452 : 10.530 .125 : 594.9 : 9,841.1 : 2.7

3.0 : Inboard : 26-40 : 383 : 13,530 .10 a 518.2 : 10,359.3 : 2.7 :10.378.91/: 568.3

2.5 :Sall : (16 : 29: 880 .10 a 2.6: 10,361.8: 1.7

2.5 :Au Sail (16 : 29: 1,280 .075 a 2.8: 10,34.6: 1.7

2.5 : hI/Out : 16-26 :3,194 : 6,180 .125 :2,447.4 a 12,831.9: 1.7

2.5 : Inboard : 16-26 :1,44 8,300 .10 :1,215.1 : 14,047.1 a 1.7
£ * £ a . .

2.5 Outboard :40- 0: 6,200 .125 0: 14,047.1: 1.7
$ 2$ 5 2 3 a

2.0 : Inboard 3 16 49: 5,200 .10 25.5: 14,072.6: 1.7
$ £I I a S t a

2.0 sOther ( (16 20: 2,920 .10 5.8: 14,076.4: 1.7a I : : : I a1
2.0 a Outboard : 24-40 29 : 5,200 .125 1 18.9 a 14,097.3 a 1.7 :146114.1-: 547.3

1.5 : Outboard 16 1 656 : 1,160 .125 95.4: 14,192.7: .7 a a

1.5 t In/Out (16 17: 3,800 .125 74.64: 14,267.3: .7 a

1.5 : Outboard : 1-26 :1,042 : 3.180 .125 s 414.2 a 14,661.5: .7 :14,701.11/: 544.3

I/ comlative total@ may not add due to mueimag.

2/ Ou1y 13 oored sm. sail 26-40' are to reach 3002 and re icluded I brth/alip caluletoee
(13 a S20,090 x .075 a $19,590). Ave. mooning depth is 6.4', therefore, thls dmage oecur
at 569.3 t0LD o* only 4.4 feet of depth Is available.

G-2 14



Table 6 - Stage Damage Computation, Reach 3003

WATERWAY Lake Erie
BEACH 3003 BERT1/SLIP I
AVERAGE DEPTH 6.2 MOOING
ZERO REFERENCE WATER LUE-EL- 371 .

-.. Depreciated: :Total Cumulative : : se :Water
Retquired: : value :Rate of: Rturn : Rturn :Ava/18blet (1980) :Level

Draft Class : Leanth :Numbar: 1980 :Return 1980 Value
1/  

Depth : ($000) (GLO)
: : (feet) : $ : ($00) : 5000) : :

6.0 :Sail 40-6 30: 12,890 .10 38.7: 38.7: 5.2

600 Aux Sall 40-64. 0 58,040 : .075 : 0 : 38.7 : 5.2

6.0 Cruiser : >64 : 0: 250,000 : .075 : 0: 38.7: 5.2

6.0 Other >64 : 0 150,000 .10 : 0 : 38.7 : 5.2

5.5 : Cruiser : 40-64 : 158 : 69,500 : .075 : 823.6 : 862.2 : 5.2 : 862.2: 570.3

3.0 :Sall :26-40 : 158: 7,890 .10 : 124.7: 986.9: 6.2

5.0 : Aux Sall :26-40 : 543: 20,090 : .075 818.2: 1,805.1: 6.2

5.0 : Bouse/Pontoon: 40-64 : 10: 25,500 : .10 : 25.5 : 1,830.6 : 4.2

5.0 Other : 40-64 : 0 : 34,430 : .10 : 0 : 1,830.6 : 4.2 : 1,830.6: 569.3

4.0 : Sall :16-26 : 168: 3,890 .10 : 65.4: 1,895.9: 3.2

4.0 : AuX Sail :16-26 : 612: 9,500 : .075 : 436.1: 2,332.0: 3.2

4.0 : Cruiser : 26-0 :2,191 : 24,340 : .075 :4,000.0 : 6,331.6 : 3.2 : :

4.0 : floue/Pontoou: 26-40 : 49 : 15,500 : .10 : 76.0: 6,407.6 3.2

4.0 : Other :26-40 : 10: 13,870 : .10 : 13.9: 6,421.5: 3.2

3.5 : Cruiser : 16-26 :1,313 : 7,770 : .075 : 765.2 : 7,186.7 : 3.2 : 7,186.7: 568.3

3.0 : Cruiser : (16 : 0 : 5,200 : .075 : 0 : 7,186.7 : 2.2 :

3.0 : Houe/Pontoon: 16-26 : 10: 3,500 : .10 • 3.5 : 7,190.1 : 2.2 :

3.0 :Other :16-26: 10: 6,0so: .10 : 6.1: 7,196.2: 2.2

3.0 : in/Out : 26-40 : 79 : 10,530 : .125 : 104.0 : 7,300.1 : 2.2

3.0 : Inboard :26-40 • 39: 13,530 : .10 : 52.8: 7,352.9 2.2
:: S . .

2.5 :Sail : (16: 20: 880 :.10 : 1.8: 7,354.7: 2.2

2.5 :Au SSail : <16 : 10: 1,280 : .075 : 1.0: 7,355.6: 2.2
"z ." : : : Z.

2.5 : In/Out : 16-26 :1,234 : 6,180 : .125 : 953.3 : 8,308.9: 2.2

2.5 : Inboard : 16-26 247 : 8,300 : .10 : 205.0: 8,513.9: 2.2

2.5 : Outboard : 40-64 20: 6.200 : .125 : 15.5: 8,529.4 2.2 : 8,529.4: 567.3
I : a : :

2.0 : Inboard : (16 0: 5,200 : .10 s 0 i 8,529.4 : 1.2
a : I : : *

2.0 s Other : (16 0 : 2,920 : .10 : 0 : 8,529.4: 1.2 : 2

2.0 sOutboard :26-40 0: 5,200 :.125 0: 8,529.4: 1.2
: a a : a : S

1.5 : Otboard a <16 : 197 a 1,160 a .125 a 28.6 : 8,558.0 a 1.2
a S a : a a : :

1.5 :In/ut 16: 69 : 3,800 1 .125 s 32.8 s 8,590.8 : 1.2
$ 1 1 t t I S

1.5 a Outboard : 16-26 454 3,180 : .125 a 180.5 a 8,771.2-: 1.2 8,771.2: 566.3S a : a : a I :

1/ Cumulative total# my n t add due to rouedinm.
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Table 7a - Stage Damage Computation, Reach 3004

WATERUAY Lake Erie
REACH 3004 ERTH/SLIP x
AVERAGE DEPTH 8.5 MOORING
ZERO ARFIURNCE WATER LEVEL 571.3

S: :DeprecLated: : Total Cumulative : Dsate Water

Required: : : : Value :Rate of: Return : Return :Available: (1980) : Level
Draft Class Lenth :Nuuber: 1980 :Return : 1980 : Valuei Depth ($000) (IOLD)

: (feet) : $ : ($000) : ($000)

6.0 : Sall : 40-64 : 11 12,890 : .10 14.2 : 14.2 : 5.5

6.0 : Aux Sail : 40-64 : 11 58,040 : .075 47.9 : 62.1 : 5.5

6.0 : Cruiser : >64 : 11 250,000 : .075 206.3 : 268.3 5.5

6.0 :Other : >64: 0 150,000 :.10 0: 268.3: 5.5

5.5 : Cruiser :40-64 : 22 69,500 : .075 114.7 : 383.0: 5.5 : 383.0: 568.3

5.0 : Sail : 26-40 : 189 7,890 : .10 149.1 : 532.1 : 4.5

5.0 : Aux Sail : 26-40 : 155 20.090 : .075 233.5 : 765.7 : 4.5

5.0 : Bouse/Pontoon: 40-64 : 11 25,500 : .10 28.1 : 793.7 : 4.5

5.0 : Other : 40-64 0 34,430 : .10 0 : 793.7 : 4.5 : 793.7: 567.3

4.0 : Sail : 16-26 : 67 3,890 : .10 26.1 : 819.8 : 3.5

4.0 : Aux Sail : 16-26 : 277 9,500 : .075 197.4 : 1,017.1 : 3.5

4.0 : Cruiser : 26-40 : 499 24,340 : .075 910.9: 1,928.1 : 3.5

4.0 : House/Pontoon: 26-40 : 11 15,500 : .10 17.1 : 1,945.1 : 3.5

4.0 : Other 26-40 : 0 13,870 : .10 0: 1,945.1 : 3.5

3.5 : Cruiser : 16-26 : 189 7,770 : .075 110.1 : 2,055.2 : 3.5 : 2t055.2: 566.3

3.0 : Cruiser : (16 : 0 5,200 : .075 0 : 2,055.2 : 2.5

3.0 :House/Pontoon: 16-26 : 11 3,500 :.10 3.9 : 2,059.1 : 2.S :

3.0 :Oher :16-26 : 0 6,050 :.10 0 : 2.059.1 : 2.5 :

3.0 In/Out : 26-40 : 11 10,530 : .125 14.5: 2,073.6: 2.5

3.0 Inboard :26-40 : 0 13,530 : .10 0: 2,073.6: 2.5

2.5 : Sail : <16 : 0 880 : .10 0 : 2,073.6 t 2.5

2.5 : Aux Sail : <16 11 2 1,280 : .075 1.1 a 2,074.6 a 2.5

2.5 : In/Out : 16-26 : 255 6,180 : .125 197 : 2.271.6: 2.5
a : a : S a

2.5 a Inboard : 16-26 : 155 8,300 : .10 128.7 : 2,400.3 : 2.5

2.5 a Outboard :40-64 : 0 6,200 : .125 0: 2,400.3: 2.5 :2400.3: 565.3

2.0 :lnbord : (16: 22 t ,200 :.10 11.4: 2,411.7: 1.5.
! S : $ 3a a

2.0 t Oher : <16 : 0: 2,920 a .10 0: 2,411.7: 1.5 :
S : I : * :

2.0 . Outboard : 26-40 : 0 5,200 : .125 0 : 2,411.7 : 1.5
3 2 3 : 3 a

1.5 :Outbard : <16 : 255: 1,160 a .125 37 a 2,448,7: 1.5

1.5 WIa/Out :<16 : 22 3,800 :.125 10.5: 2,459.1: 1.5:

1.5 Outboard 16-26 t 333 3,160 :125 132.4 2,591.5 t 1.5 2,391.5: %4.3t I I II t

Cumulative totals ay not add due to rounding.
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Table 7b - Stage Damage Computation, Reach 3004

WATERWAY Lake Erie
REACH 3004 IETR/SLIP
AVERAGE DEPTH 6.7 MOORING x
ZERO REFERENCE WATER LEVEL 571.3

:Depreciate: : Total : Cumulative : Daage : Wter
Required: : Value :Rate of: Return Return :Available: (1980) : Level
Draft Class Length :nuuberz 1980 :Return : 1980 Value l /  Depth : ($000) : (IGLD)

:(ueat) $ : (SO00) ($000) : •

6.0 :Sall :40-64: 0: 12,890: .10 : 0: 0: 5.7

6.0 Aux Sail 40-4 : 0 : 56,040 : .075 0 0 : 5.7

6.0 : Cruiser : >64 : 0 : 250,000 : .075 : 0 : 0 : 5.7

6.0 : Other >64 : 0 : 150,000 : .10 : 0 : 0 : 5.7 : 0: 570.3

5.5 Cruiser 40-64 : 0: 69,500 :.075 : 0: 0: 4.7

5.0 : Sall : 26-40 : 21 : 7,890 : .10 : 16.6 : 16.6 : 4.7

5.0 : Aux Sail 26-40 : 42 a 20,090 .075 a 63.3 : 79.9 : 4.7

5.0 : Bouse/pontoon: 40-64 : 0: 25,500 : .10 : 0: 79.9: 4.7

5.0 : Other 40-64 a 0: 34,430 : .10 : 0: 79.9: 4.7 : 79.9: 569.3

4.0 : Sail : 16-26 a 10 : 3,890 : .10 a 3.9 : 83.7 : 3.7

4.0 A ux Sail : 16-26 : 10 a 9.500 .075 : 7.1 : 90.9 a 3.7

4.0 : Cruiser :26-40 a 10: 24,340 : .075 : 18.3: 109.1: 3.7

4.0 Bouse/Pontoon: 26-40 1 0: 15,500 : .10 : 0: 109.1 : 3.7 : :

4.0 : Other :26-40 : 0: 13,870 : .10 : 0: 109.1: 3.7 a 109.1: 568.3

3.5 : Cruiser :16-26 : 10: 7,770 : .075 : 5.8: 115.0: 2.7

3.0 Cruiser <16 : 0 5 5,200 : .075 : 0 = 115.0 : 2.7

3.0 House/Pontoon: 16-26 : 0: 3,500 : .10 a 0: 115.0: 2.7

3.0 : Other : 16-26 : 0 : 6,050 : .10 : 0 : 115.0 2.7

3.0 : In/Out :26-40 : 0: 10,530 : .125 : 0: 115.0: 2.7

3.0 : Inboard : 26-40 : 0 : 13,530 : .10 : 0 : 115.0 : 2.7 : 115.0: 567.3

2.5 : Sail : (16 : 0 : 880 : .10 : 0 : 115.0 : 1.7

2.5 :Aux Sail : <16 : 0: 1,280 : .075 : 0: 115.0 1.7

2.5 : Ia/Out :15-26 : 10: 6,180 : .125 a 7.7: 122.7: 1.7

2.5 :Inboard :16-26: 10: 8,300 .10 : 8.3: 131.0: 1.7:

2.5 : Outboard : 40-64 : 0 : 6,200 : .125 : 0 : 131.0 : 1.7
a . . 2 t Z a :

2.0 :Inboard : 16: 0: 5,200 :.10 : 0: 131.0: 1.7:
$ a : : a a 2

2.0 : Other < (16 t 0 : 2,920 , .10 : 0 a 131.0 : 1.7

2.0 : Outboard :26-40 : 0: 5,200 : .125 : 0: 131.0: 1.7 : 131.0: 566.3
$ ". : 2 2 : : *

1.5 :Outboard : 16 t 10: 1,160 : .125 : 1.5: 132.4: .7
a z : a : : a a

1.5 in/Out : 16: 0 : 3,00 :.125: 0: 132.4: .7 : 
a : a : a a a : a

1.5 : Outboard :16-26 0 : 3,180 : .125 a 0: 132.4 .7 : 132.4: 565.3
z : : a a 2

1/ Cusulative totals may not add due to rounding.
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Table 7c - Stage Damage Curve, Reach 3004

Damage ($000) 1980
Water Level Berth/Slip mooring Totals

569.3 . 0 79.9 79.9

568.3 383.0 109.1 492.1

567.3 793.7 115.0 908.7

566.3 2,055.2 131.0 2,186.2

565.3 2,400.3 132.4 2,532.7

564.3 2,591.5 132.4 : 2,723.9

G-218



Table 8 - Stage Damage Computation, Reach R004

WATERWAY Niagara River (Upper)
REACH O0 BERTH/SLIP x
AVERAGE DEPTH 6.0 HOORING
ZERO REFERENCE WATER LEEVE. 563.9

: . . :Depreciated: : Total : Cumulative : Damage : Water
Required: : . Value :Rate of: Return Return :Available: (1980) Level

:rf Class : Lenh :Number: 1980 :Return : 1980 : Value./ Depth : (SOOO) (IGLD)
S: (feet) : : $ : : ($000) ($000)

6.0 Sail : 40-64 0 12,890 : .10 : 0 0 : 6.0

6.0 Aux Sall : 40-64 : 0 : 58,040 : .075 0 0 6.0

6.0 : Cruiser : >64 0 : 250,000 .075 : 0 0 6.0

6.0 Other . >64• 0 150.00 .10 : 0 0 : 6.0 0: 563.9

3.5 : Cruiser : 40-64 : 11 : 69,500 .075 : 57.3 57.3 : 5.0

5.0 :Sail :26-40: 11: 7,890 :.10 8.7: 66.1: 5.0

5.0 : Aux Sail : 26-40 : 11 : 20,090 : .075 16.6 : 82.6 : 5.0

5.0 : House/Pontoon: 40-64 : 0 : 25,500 : .10 0 : 82.6 : 5.0

5.0 : Other : 40-64 : 0 : 34,430 : .10 : 0 : 82.6 : 5.0 : 82.6: 562.9

4.0 : Sail : 16-26 : 54 3,890 : .10 : 21.0 : 103.6 : 4.0

4.0 Aux Sail : 16-26 : 32 : 9.500 : .075 : 22.8 126.4 : 4.0

4.0 : Cruiser : 26-40 476 : 24,340 : .075 : 868.9 995.3 : 4.0

4.0 House/Pontoon: 26-40 43 : 15.500 : .10 : 66.7 : 1,062.0 : 4.0

4.0 : Other 26-40 11 : 13,870 : .10 : 15.3 : 1,077.2 : 4.0 1,077.2: 561.9

3.5 : Cruiser 16-26 : 346 7,770 : .073 201.6 : 1,278.9 : 3.0 : :

3.0 : Cruiser : <16 : 0 5,200 : .075 : 0 : 1,278.9 : 3.0

3.0 :ouse/Pontoon: 16-26 : 0 : 3.500 : .10 : 0 : 1,278.9 : 3.0

3.0 : Other : 16-26 : 0 : 6,050 : .10 : 0 1,278.9 : 3.0

3.0 : In/Out : 26-40 : 54 : 10,530 : .125 : 71.1 : 1,350.0 : 3.0

3.0 : Inboard : 26-40 0 13,530 : .10 : 0 1,350.0 3.0 : 1,350.0: 560.9

2.3 Soil 16 0 880 .10 0 1,350.0 : .0

2.5 :Aux Sail : <16 0 1.280 : .075 : 0 : 1,350.0 : 2.0

2.5 : In/Out : 16-26 : 498 : 6,180 : .125 : 384.7 : 1,734.7 : 2.0

2.5 : Inboard : 16-26 : 54 : 8,300 : .10 : 44.8 : 1,779.5 : 2.0

2.5 : Outboard : 40-64 : 0 : 6,200 : .125 1 0 : 1,779.5 : 2.0

2.0 : Inboard : <16 : A 5,200 : .10 : 0 : 1,779.5 2.0

2.0 : Other <16 : 11 : 2,920 : .10 : 3.2 1,782.7 2.0

2.0 : Outboard : 26-40 0 5,200 : .125 : 0 : 1,782.7 : 2.0 : 1,782.7: 559.9
* : I . . .

1.5 : Outboard <1 : 76 : 1,160 I .125 : 11.0 1,793.7 : 1.0

1.3 : In/Out : (16 : 0 : 3,800 .125 : 0 : 1,793.7 : 1.0

1.5 : Outboard : 16-26 : 335 3,180 : .125 : 133.2 : 1,926.9 1.0 : 1,926.9: 558.9

I/ awstive totals may not add due to roundin. 1
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Table 9 - Stage Damage Computation, Reach R005

WATERWAY Niagara River (Lower)
REACH RO05 _ _RTH/SLIP x
AVERAGE DEPTH 7.0 MOORING
ZERO REFERENCE WATER LEVEL 245.5

: : :Depreciated: : Total Cumulative : : Damage : Water
Required: : . : Value :Rate of: Return Return :Available: (1980) : Level
Draft Class : Length :Number: 1980 :Return 1980 value-1  : Depth ($000) (IGLD)

: : (feet) : : $ : ($000) :(:00

6.0 :Sall :40-64 : 0: 12,890 : .10 : 0: 0: 6.0

6.0 Aux Sail : 40-64 0 : 58,040 : .075 0 0 6.0

6.0 : Cruie : : 06: 2 : 200. : 0: 6.0

6.0 : Other : >64 : 0 : 150,000 : .10 : 0 : 0 : 6.0 : 0: 244.5

5. : Cruiser 40-64 0: 0 : 6 0: 0: 0: 5.0

5.0 : Sail : 26-40 : 0 : 7,890 : .10 : 0 : 0 : 5.0

5.0 A aSail :26-40 : 20090 .07 : : : 5.0

5.0 : ouse/Pontoon: 40-4 : 0 : 25,500 : .10 : 0 : 0 : 5.0

5.0 :Other : 40-64 : 0 : 34,430 : .10 : 0 : 0 S.O 0: 243.5

a : : : :

4.0 : Sail : 16-26 : 0 : 3,690 : .10 : 0 : 0 : 4.0

4.0 :Ax Sail :16-26 : 0 9,500 .075 : : : 0

4.0 aCruiser a26-40 a 67 a 24.340 a.075 :122.3 : 122.3 a 4.0

4.0 House/Pontoon: 26-40 : 0: 15,500 : .1O 0 0 122.3 : 4.0

4.0 : Other : 26-40 : 0 13 ,80 .10 0122.3 4.0 122.3: 242.5

3.5 : Cruiser 16-26 5 0 ,770 : .075 29.1 151.4 .0

3.0 Cruiser : 16 0 5,200 .075 0 151.4: 3.0

3.0 Housae/Potoon: 16-26 : 0 : 3,500 : .10 0 151.4 : 3.0

3.0 :Other :16-26 : : 6050 .10 0 151.4 : .0

3.0 :In/Out 26-40 : 0 : 10,330 : .125 : 0 : 151.4 : 3.0

3.0 : Inboard 26-40 : 0 : 13,530 : .10 : 0 : 151.4 : 3.0 : 151.4: 241.5

2.5 : Sal: 16 : 0 60 .10 0 151.4 : .0

2.5 : O Sall : 6 : 70120 .075 0 151.4 : 2.0

2.5 : In/Out :16-26 : 17: 6,160 : .125 : 13.1 : 164.6: 2.0

2.5 :Inboard 16-26 0 ,300 .10 0 164.6 : .0

2.5 : Outboard : 40-64 0 : 6,200 : .125 a 0 : 164.6 : 2.0

2.0 :Inboard (16-2 .0 : 5.200 a .10 = 0 a 164.6 2 2.0

: : : : S S * a

2.0 a Other (16 : 0 2,920 : .10 a 0 : 164.6 : 2.0
2.0 Outod 26-40 : 0 500 :.125 a 0 : 164.6 : 2.0 : 164.6: 240.

2.0 : Inboard :26-40 : 0 : 3530 .1 : 0 : a. . : 114 4.

1.5 Outard <16 0 110 .125 0: 164.6: 1.0

:1 I/Out 1.125 0 164.6: 1.0

1.5 Outboard :16-26 : 17: 3,160 .125 a 6.6: 171.3: 1.0 171.3: 239.5

a : 5 5 5 a * a

I/Cumlative totals may not add due to rounding.
There ae 225 oored vessels in reach R005. Because the average depth exceeds 25 feet, so Impact would
result on boating to moored vees6.
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Table 10 - Stage Damage Computation, Reach 2001

WATERWAY Lake Ontario
REACH 2001 BERTHI/SLIP x
AVERAGE DEPTH 6.6 "W0RING
ZERO REFERENCE WATER LEVEL 245.5

:Depreciated: Total Cumulative : Damage : Water

Required: : • Value :Rate of: Return : Return :Available: (1980) Level
Draft : Close : Langth Number: 1980 Return 1980 Value

1
. Depth : (5000) : (IGLD)

: .(feet): $ : :($000): ($000) :

6.0 :Sail :40-64 0 12,890 :.10 : 0 0: 5.6 :

6.0 Aux Sail 40-64 11 58,040 : .075 47.9 47.9 S.6

6.0 : Cruiser : >64 0 250.000 : .075 : 0 : 47.9 : 5.6

6.0 : Other >64 0 150,000 : .10 : 0 : 47.9 : 5.6 : 47.9: 244.5

5.5 : Cruiser : 40-64 0 69,500 : .075 : 0 : 47.9 : 4.6
* . 2 2 +

5.0 : Sail : 26-40 11 7,890 : .10 : 8.7 : 56.6 : 4.6

5.0 : LAx Sail :26-40 331 20,090 : .075 : 498.7: 555.3: 4.6

5.0 : iouse/Pontoon: 40-64 0 25,500 : .10 : 0: 555.3: 4.6

5.0 : Other : 40-64 0 34,430 : .10 2 0 : 555.3 : 4.6 : 555.3: 243.5

4.0 :Sall :16-26 21 3,890 : .10 : 8.2: 563.3: 3.6 : .

4.0 : Aux Sail :16-26 128 9,500 : .075 : 91.2: 654.7: 3.6

4.0 : Cruiser : 26-40 107 24,340 : .075 : 195.3 : 850.0 : 3.6

4.0 : oue/Pontoon: 26-40 11 15,500 : .10 : 17.1 : 867.0 : 3.6

.5 : Crie -26 : 11 ,70: .07 : .: 87.: 2.6
4.0 : Other : 26-40 0 13,870 : .10 : 0 : 867.0 : 3.6 : 867.0: 242.5

3.5 C ruiser :16-26 11 7.770 :.073 6.4 : 873.5 : 2.6 :: -+

-": : : 2
3.0 :Cruiser 2 <16 0 5,200 :.075 : 0: 873.5: 2.6

3.0 : Bouse/Pomtoos: 16-26 0 3,500 : .10 : 0: 873.5: 2.6

3.0 : Other t 16-26 0 6,050 : .10 : 0 : 873.5 : 2.6 :

3.0 : In/Out :26-40 0 10,530 : .125 : 0: 873.5: 2.6

3.0 : Inboard :26-40 0 13,530 : .10 : 0: 873.5: 2.6 : 873.5: 241.5

2.2 :Sail a <16 0 80: .10 : 0: 873.5: 1.6 :

2.5 :A Sel : <16 0 1,280 : .075 : 0: 873.5: 1.6

2.5 :In/Out :16-26 43 6,180 : .125: 33.2: 906.7: 1.6 :
a : : 

2.5 :Inboard :16-26 0 8,300 :.10 : 0: 906.7: 1.6 :
2 a : : :

2.5 :Outboard :40-64 0 6,200 a.125 : 0: 906.7: 1.6

2.0 s Iboard : (16 Q 5,200 a.10 : 0: 906.7: 1.6

2.0 :Oher : <16 0 2,920 :.10 : 0: 906.7: 1.6 :
2 : a I : :

2.0 a Outboard : 26-40 0 5,200 : .125 a 0: 906.7: 1.6 906.7: 240.5
2 : ,: 2 - : * 2

1.5 Outboard 8 <16 160 1,160 2.123 : 23.2 1 929.9: .6
2 2$ 2 2 5 3 2 2

1.5 : In/Out < (16 0 : 3,800 .125 : 0 : 929.9 : .6 2

1.5 : Outboard : 16-26 21 3,180 : .125 a 8.4 a 938.2: .6 : 938.2: 239.5

I/ Three sared am sail 161-26' are In reach 2001. The average soring depth for this reach is 11.7 feet.
Damaees are not included in the analysis since Impacts uuld not occur until the water level La as low
as 237.5.
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Table 11 - Stage Damage Computation, Reach 2002

WATERWAY Lake Ontario
REACH 2002 ERTH/SLIP K
AVERAGE. DEPTH .2 HOOING
ZERO REFERENCE WATER LEVEL 265.5

:Depreciated: : Total : Cumulative Damage : Water
Required: : Value :Rate of: Return Return :Available: (1980) Level
Draft : Class : LeNth :umber: 1980 :Return : 1960 : Valuel : Depth ($000) (IGLD)

S: (feerT): : $ : : ($000) ($000)

6.0 : Sail : 40-64 : 0 : 12,890 : .10 : 0 0 : 5.2
.0 :Criar: 6 0 :5 ,0 :.7 : 00: 5.2:

6.0 :Aux Sail :40-64 : 0: 55,040 :.075 : 0 0: 5.2

6 Other >64 : : 000: :0 : 5.2

5.0 Cruieer :40-64: 0: 69,500 :.075 : 0 0: 5.2 : :246.5

5.0 :Sail :26-40 0 : ,90 : 00 : 4.2

5.0 : hel :26-40 : 3: 2,000 : .075 : 125.1 125.1 : 4.2

2 : . . .

5.0 : Noaa /Potoo: 40-64 : 0 : 25,500 : .10 0 :125.1 4.2

5.0 :Other 40-4 0 34,430 .10 0 125.1 4.2 125.1: 245.5

4.0 : Sail : 16-26 : 2 : 3,890 : .10 : 129.7 : 3.2

4.0 A Sail :16-26:106 9.500 .075 75.5: 205.3: 3.2

4.0 : Cruiser : 26-40 : 24 24,340 : .075 : 43.6 249.1 : 3.2

4.0 : House/Pontoo: 26-40 47 15500 .10 72.9 321.9 : .2

4.0 : Other / o 26-40 : 0 : 13,870 : .10 : 0 321.9 : 3.2

3.5 :Cruiser 16-26 0 7,770 .075 0 321.9 3.2 321.9: 244.5

3.0 : Cruiser : -16 : 0 : ,200 : .075 : 0 321.9 : 2.2

3.0 : Roue/Pontoon: 16-26 0 3,500 : : 321.9 2.2

3.0 : Other : 16-26 : 24 : 6,050 : .10 : 1.5 : 336.4 2.2

3.0 :In/out 26-40 12 10530 .125 15. 352.2 : .2

3.0 : Inboard : 26-40 : 0 : 3,530 : .10 : 0 .5 352.2 : 2.2

2.5 :Sail : : : 0 : : 0: 352.2 2.2

2.5 : Awm Sail : 216 : 0 : 1.260 : .075 : 03.8 352.2 : 2.2

2.5 : in/out : 16-26 23: 6,10 :.125 : 21.6 570.8 2.2

2.5 : Inboard 16-26 : 0 : 5,300 : .10 : 0 570.6 : 2.2

2.5 : Outboard :40-64 : 0: 6,200 : .125 : 0 570.6: 2.2 570.8: 243.5

2.0 :Inboard a (16 a 0: 5,200 : .10 : 0 570.6: 1.2

2.0 :Other : 16 12 2920 .10 3.5 574.4: 1.2

2.0 Outboard : 26-40 : 0 a 5,200 : .125 : 0 .5 574.4 : 1.2 :

a a a : : : : *

1.5 : Outboard : 16 : 35 1,160 : .125 : 5.1 579.4 : 1.2 : :

a a a : a a . a

1.5 : In/out <16 :12: 3800 :.125 5.7 55.1 :1.2 :

& : : : 5 a :

1.3 : Outboard :16-26 : 94: 3,160 : .125 : 37.4: 622.5: 1.2 : 6225: 242.5

I/ Cumulative totals my not add due to rounding.
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Table 12 - Stage Damage Computation, Reach 2003

WATERWAY Lake Ontario
REACH 2003 BERTH/SLIP x
AVERAGE OPINH 6.2 HOOKING x
ZERO REFERENCE WATER LEVEL 245.5

:Depreciated: : Total Cumulative : Doae : Water
Required: Value :Rate of: Return Return :Available: (1980) Level
Draft : Class : Length :Nueber: 1980 :Return : 1980 Valul../ : Depth ($000) (IGLD)

: (feet) : : $ (5000) (000)

6.0 :Sail :40-64: 0: 12,890 .10 0: 0: 5.2

6.0 : Aux Sall : 40-64 : 11 = 58,040 .075 47.9 : 47.9 5.2

6.0 : Cruiser : >64 : 0 : 250,000 .073 0 : 47.9 5.2

6.0 : Other : )64 : 0 : 150.000 .10 0 : 47.9 : 5.2

5.5 : Cruiser : 40-64 : 11 : 69,500 .075 57.3 : 105.2 : 5.2 : 105.2 : 244.5

5.0 : Sail : 26-40 : 0 : 7,890 .10 0 : 105.2 : 4.2

5.0 Aux Sail :26-40 : 502: 20,090 .075 756.4: 561.6: 4.2

5.0 : House/Pontoon: 40-64 : 0: 25,500 .10 0: 861.6: 4.2

5.0 : Other : 40-64 : 0 : 34.430 .10 0 : 861.6 : 4.2 : 861.6 : 243.5

4.0 : Sail : 16-26 : 11 : 3,890 .10 4.3 : 865.9 : 3.2

4.0 : Auz Sail :16-26 : 363: 9,500 .075 258.6: 1,124.5: 3.2 :

4.0 : Cruiser :26-40 : 374: 24,340 .075 682.7: 1,807.3: 3.2

4.0 : Houe./Postoon: 26-40 : 0: 15,500 .10 0: 1,807.3 : 3.2
2 * a : : .

4.0 : Other : 26-40 : 0 : 13,870 .10 0 : 1,807.3 : 3.2

3.5 : Cruiser : 16-26 : 128 : 7,770 .075 74.6 1,881.9 : 3.2 : 1,881.9 : 242.5

3.0 : Cruiser : <16 : 0 : 5,200 .075 0 : 1,881.9 : 2.2

3.0 : House/Pontoon: 16-26 : 11 : 3,500 .10 3.9: 1,885.7 : 2.2

3.0 : Other : 16-26 : 0 : 6,050 .10 0 : 1,885.7 : 2.2 : *

3.0 : In/Out : 26-40 : 21 : 10,530 .125 27.6 : 1,913.3 : 2.2

3.0 : Inboard : 26-40 : 0 : 13,530 .10 0 : 1,913.3 : 2.2

2.5 : Sail a <16 : 21: $60 .10 1.8: 1,915.2: 1.2 :1,915.2 241.5

2.5 : Lui Sal : <16 : 32 : 1,280 .075 3.1 : 1,918.3 : 1.2

2.5 : In/Out : 16-26 : 342 : 6,180 .125 264.2 : 2,182.5 : 1.2

2.5 : Inboard :16-26 : 11: 8,300 .10 9.1: 2,191.6 : 1.2

2.5 : Outboard :40-64 : 0: 6,200 .125 0: 2,191.6: 1.2
2 : :

2.0 : Inboard < <16 : 0 : 5,200 .10 0 : 2,191.6 : 1.2
a : * a a a

2.0 Other a <16: 21: 2,920 .10 3.2: 2,194.8: 1.2

2.0 : Outboard :26-40 : 0: 5,200 .125 0 2,194.8: 1.2
a a : : : :

1.5 : Outboard : <16 a 192 1 1,160 .1235 27.8 a 2,222.6 a 1.2 s 2,260.31/: 240.5
: : : a a : :

1.5 :In/Out : <16 t 21 : 3,800 .125 1 10.0: 2,232.6: .2 :
2 3 : : a | :

1.5 : Outboard : 16-26 : 117 : 3,180 .125 46.5 : 2,279.1 : .2 2 ,375.-2/t 239.5

1/ Cumulative totale may met add due to roundin8.
r 25 atm. sail (26'-401) with ave. 5' draft are moored Le reach 2003 (ave morin depth io 9.3') and are

Included in berth/slip caleilatioas (25 a $20,090 x .075 a $37,700). 001eges to thoms vessele are at
240.5 IGLD.

3/ 82 as. eall (161-26') with ave. 4 draft are moored in reach 2003 (82 a $9,500 x .075 $ 58,400). therefore,
total moored vessels sustain damages of $96,100 at 239.5 IG=.
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Table 13 - Stage Damage Computation, Reach 2004

WATERWAY Lake Ontario
REACH 2004 DERTN/SLIP I
AVERAGE DEPTH 6.1 MOORING
ZERO RIFERENCE WATER LEVEL 245.5

:Depreciated: Total Cunulative : Daaage water
Required: : . Value Rate of: Return Return :Available: (1980) Level
Draft Class : Length :Number: 1980 :Return 1980 ValueL- Depth (000) : (IGLD)

: (feet) : S : ($000) ($000)

6.0 Sall : 40-64 0 12,690 : .10 0 0 5.1

6.0 :Aux Sail :40-64 0 58,040 :.07 : 0 0: 5.1

6.0 Cruiser : >64 0 250,000 :.075 0 0: 5.1

6.0 : Other : >64 0 150,000 : .10 0 0 : 5.1
: : :

3.5 : Cruiser : 40-64 0 69,500 : .075 0 0 : 5.1 : 0: 244.5
* : * . .

5.0 : Sall : 26-40 0 7,890 : .10 0 0 : 4.1
* . . : . .

5.0 : Aux Sail : 26-40 0 20,090 : .075 0 0 : 4.1
* : . . :

5.0 :souse/Pontoon: 40-64 z 0 25,500 : .10 0 0 4.1

5.0 : Other : 40-64 0 34,430 : .10 0 0 : 4.1 : 0: 243.5

4.0 : Sail : 16-26 0 3,890 : .10 0 0 : 3.1

4.0 : Aux Sail : 16-26 0 9,500 : .075 0 0 : 3.1

4.0 : Cruiser : 26-40 0 24,340 : .075 0 0 : 3.1

4.0 :Uouse/Potoon: 26-40 0 15,500 :.10 0 0: 3.1

4.0 Other :26-40 0 13,870 : .10 0 0: 3.1

3.5 : Cruiser : 16-26 8 7,770 : .075 4.7 4.7 : 3.1 : 4.7: 242.5
* : . . :

3.0 : Cruiser : (16 0 5,200 : .075 0 4.7 : 2.1

3.0 Rouse/Pontoon: 16-26 s 0 3,500 .10 0 4.7: 2.1

.0 other : 16-26 0 6,050 : .10 0 4.7 : 2.1

3.0 : tn/Out : 26-40 0 10,530 : .125 0 4.7 = 2.1

3.0 : Inboard : 26-40 0 13,530 : .10 0 4.7 : 2.1

2.5 : Sail : 16 0 880 : .10 0 4.7 : 2.1

2.5 Aux Sail : <16 0 1,280 :.075 0 4.7: 2.1

2.5 : IW/Out :16-26 8 6,180 : .123 6.2 10.8: 2.1

2.5 :nboard :16-263 0 8,300 : .10 0 10.8: 2.1 :

2.5 : Outboard : 40-64 0 t 6,200 : .125 0 10.8 : 2.1 10.8: 241.5

2.0 :Iaboard t <16 0 t ,200 1 .10 0 10.8: 1.1 :
$1 9 1

2.0 :Other : (16 1 0 2,920 :.10 0 10.8: 1.1 3
• .: . :

2.0 a Outboard : 26-40 0 5,200 : .125 0 10.8 : 1.1
$ a : a :

1.5 : Outboard ( (16 a 8: 1.160 : .125 1.2 12.0: 1.1

1.5 :in/Out <16: 0 3,800 :.125 0 12.0: 1.1

1.5 : Outboard :16-26 a8 3.180 : .125 3.2 15.2: 1.1 : 15.2: 240.5$ s : * a

1 Cumlatve totals my st add due to rumdia8.
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Table 14 - Stage Damage Computation, Reacb 2005

14ATERWAY Lake Oatario
REACH 2005 SERTH/SLIP I
AVERAGE DEPTh 5.1 MOORING I
ZERO REFERENCE WATER LEVEL 245.5

: Depreciated: : Total Cumulative : Dosage : -ater

Required: . : Value :Race of: Return : Return :Avallable: (1980) : Level
Draft Class Length :Nuabet: 1980 :Return 1980 Valuel : Depth : ($000) ( ,LD)

(fet) . S : (S000): (8000)

6.0 Sail 40&-64 0 : 12.890 :.10 : 0 :0 : 5.1 : :

6.0 Aux Sail 40-64 0 O 58.00 : .075 : 0 :0 : 5.1 :

6.0 Cruiser : >64 : 0 250.000 :.075 : 0 0 O 3.1

6.0 Other : )64 0 150.000 .10 : 0 : 0 : 5.1

5.5 Cruiser : 40-44 : 0 : 69.500 : .075 : 0 : 0 : 5.1 : 0: 25.5

5.0 Sail :26-40: 0: 7,890: .10 : 0: 0: 4.1
* -. . . : a

3.0 Aux Sal :26-40 : 132: 20,090 a .075 : 196.9 : 198.9: 5.1

5.0 :ouel/outooa: 40-64 : 20: 25,500 : .10 : 51.0: 249.9: 4.1 :
a : : $ a :

5.0 Other :40-64 : 0: 34,430 : .10 : 0: 249.9: 4.1 : 249.9: 244.5

4.0 Sail :16-26: 0: 3,890 :.10 0 0: 249.9: 3.1

4.0 Aux Sail :16-26: 92: 9,500 :.075: 65.6: 315.4: 3.1

4.0 Cruiser : 26-40 : 306: 24.340 : .075 : 558.6: 874.0 : 3.1

4.0 Eouse/Potoon: 26-40 : 61 : 15,500 a .10 6 53.6: 937.6 : 3.1

4.0 Other :26-50 : 10: 13,870 : .10 : 13.9: 951.5: 3.1

3.5 Cruiser : 16-26 : 214 : 7,770 a .075 : 124.7 : 1,076.2 : 3.1 : 1,076.2: 243.5

3.0 Cruiser : (16 a 0 : 5,200 : .075 0 O : 1,076.2 a 2.1

3.0 Iomsa/Pontoon: 16-26 : 0: 3,500 : .10 : 0: 1,076.2 a 2.1

3.0 Other :16-26 : 0: 6,050 a .10 : 0: 1,076.2: 2.1

3.0 Zn/Out : 26-40 : 20 10,530 : .125 : 26.3 1,102.5 : 2.1

3.0 Inboard :26-40 : 31: 13,530 : .10 4 41.9: 1,144.4: 2.1

2.5 Sail (165: 0 No :.10 : 0: 1,144.5: 2.1
: : : a : :

2.5 Am Sail : <16 1 0: 1,280 : .075 0 0: 1,144.5: 2.1

2.5 Zn/Out a 16-26 : 652 .5,180 : .125 : 495.9 a 1,640.4 : 2.1
a a ar a a : S

2.5 Inboard 1 16-26 : 163 : 3,300 : .10 : 13S.3 : 1,775.7 : 2.1

2.5 Outboard :40-564 0: 6,200 : .125 t 0: 1,775.7: 2.1 :1,775.7: 242.5

2.0 Inboard a <16 1 0: 5,200 a .10 * 0: 1,775.7: 1.1
a a 8 a a : -" a

2.0 Other t <16 a .71: 2,920 a .10 a 20.7: 1,79.4: 1.1
S : a a ; • ::

2.0 Outboard : 26-50 z 0: 5.200 a .125 a 0: 1,796.4 a 1.1

1.5 z Outboard < (16 a 295 a 1,160 : .125 a 42.6: 1,839.2 a 1.
I $ t

1.5 Zn/Out (16 :112: 3,800 :.125: 53.2: 1,892.5: 1.1 1
1 3 a a : a : a

1.5 Outboard a 16-26 t 316 a 3,180 : .125 t 1235.6 2,018.0 a 1.1 1 2,018.0: 241.3
if e torl say no a d to .

There e an addtioal 116 sox. sell (48 - 26'-d0't with S' draft; 68 - 16'-26'. with 4' draft) In

reach 2005. The ave. seariag depth to 9.6'. Therefore, at 240.5 tOLD, damages are $2,090,300
(.8 a $20,090 x .075 a $72,300 + 82,018,000). At 239.5 iMD, dnagee re $2,138,800
(6 x $9 ,500 .075 e S58,500 2. ,090 .300).
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Table 15 - Stage Damage Computation, Reach R006

WATERWAY St. Lawrence River
BEACH R006 BERTH/SLIP x
AVERAGE DEPTH 5•3 MODRINGZIRO REFERENCE WATER LEVEL 244.9

:Depreciated: Total Cumulative : : Damage : Water
Required: : Value :Rate of: Return : Return :Available: (1980) Level
Draft Class Lnnth :Number: 1980 Return 1960 Valua/ Depth ($000) (1GW)

: (feet) . $ : : ($000) ($000)

6.0 Sl :40-64: 0 12,890 :.10 : 0: 0: 5.3

6.0- Aux Sail : 40-64 : 0 : 58,040 : .075 0 : 0 : 5.3

6.0 Cruiser : >64: 0 :250,000 :.075: 0: 0: 5.3

6.0 Other : >64 : 0: 150,000 :.10 : 0: 0: 5.3

5.5 Cruiser : 40-64 : 60 : 69,500 : .075 : 312.8 : 312.8 : 5.3 : 312.8: 244.9

5.0 Sail : 26-40 : 0 : 7,890 : .10 : 0 : 312.8 : 4.3

5.0 Auz Sail :26-40: 0: 20.090 :.075 : 0: 312.8: 4.3

5.0 :ouae/Pontooo: 40-64 : 12 : 25,500 : .10 : 30.6 : 343.4 : 4.3

5.0 Other :40-64 : 12: 34,430 : .10 : 41.3: 384.7: 4.3 : 384.7: 243.9

4.0 Sal :16-26: 0: 3,890 :.10 : 0: 384.7: 3.3

4.0 Aux Salil :16-26 3 12: 9,500 : .075 : .6: 393.2: 3.3

4.0 Cruiser : 26-40 : 203 : 24.340 : .075 : 370.6 : 763.8: 3.3

4.0 Soue/Pontoon: 26-40 : 24 : 15,500 : .10 : 37.2 : 801.0 : 3.3
* : :

4.0 Other : 26-40 : 0 : 13,870 : .10 : 0 : 801.0 : 3.3

3.5 Cruiser :16-26 : 143: 7,770 : .075 : 83.3 : 684.3: 3.3 : 84.3:242.9

3.0 Cruiser : <16 : 0 : 5,200 : .075 : 0 : 884.3 : 2.3
S : : . . " .

3.0 Bouse/Pontoon: 16-26 : 24: 3,.500 : .10 : 8.4: 892.7: 2.3

3.0 Other : 16-26 : 0 : 6,050 : .10 : 0 : 692.7 : 2.3

3.0 In/Out :26-40 : 0: 10,530 : .125 : 0: 692.7: 2.3

3.0 Inboard :26-40 : 0: 13,530 : .10 : 0: 892.7: 2.3

2.5 Sal : (16: 0: 8680 :.10 : 0: 892.7 :2.3 :
St : : . :

2.5 Aux Sail : (16 : 0: 1,280 : .075 : 0: 892.7: 2.3

2.5 In/Out : 16-26 : 191: 6,180 : .125 : 147.5 1,040.3: 2.3
: : : . .

2.5 Inboard : 16-26 : 96 : 8,300 : .10 : 79.7 : 1,120.0: 2.3
2$ : : : . . :

2.5 Outboard : 40-64 : 0 : 6,200 : .125 : 0 : 1,120.0 : 2.3 : 1.120.0: 241.9

2.0 Inboard : <16 t 0 k 5,200 : .10 : 0 : 1,120.0: 1.3

2.0 Other : (16 : 0 t 2,920 : .10 : 0 1,120.0: 1.3
: : . . . S S

2.0 Outboard :26-40 : 0: 5,200 : .125 : 0: 1,120.0: 1.3
a : a : 1 2 2 :

1.5 Outboard : (16 a 191 1 1,160 : .125 : 27.7: 1,147.6: 1.3
$ a : : : : a

1.5 tln/Out a (16 : 12: 3,800 : .125 : 5.7: 1,153.3: 1.3
a a a : a I a

1.5 Outboard a 16-26 : 191 : 3.180 : .125 : 75.9 a 1,229.3 : 1.3 1 1,229.3: 240.9
a: a : a t I :

1/ Cumulative totals my ot add due to ouniding.
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Annex N -Stage-Duration Data
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Annex 0 - Gravity Demand Model Analysis for Boating Facilities
on Lakes Erie and Ontario and Connecting Waterways

G-239



GRAVITY DEMAND MODEL ANALYSIS FOR BOATING FACILITIES ON
LAKES ERIE AND ONTARIO AND CONNECTING WATERWAYS

1. Overall description of the model: The gravity model was calibrated
around the present supply of commercial marina slips in the 17 reaches along
Lakes Erie and Ontario and connecting waterways. The inputs include popula-
tion forecasts, growth in boat registration, distance from market areas to
the marina facilities in the reaches, market penetration rates, and moorage
capacity in the reaches. The outputs from the model are essentially the
potential markets for slippage in each of the 17 reaches for 1985, 1995,
2005, 2015, 2025, and 2035.

Gravity models in general are based on the concept that a specific and
measurable relationship exists between the number of visitors arriving at a
given destination from specific markets and a series of independent
variables. The most important variables usually are: (1) the magnitude
(size) of the population in the market area, and (2) the distance between the
destination and market. The model typically yields high correlation between
distance to populated centers and the number of visits. Correlation with
other variables such as income of the population, urbanization, highway
quality, and competition from other recreation areas may or may not improve
the overall results of the model.

The general formula for the gravity model used in the study is:

I Pi bJ

d dSTi j =+ A2  + ... + An
b b D

ii i2 in

Where Tij is the potential slip market from county i to reach j

Pi is the total slip market produced by county i

Aj is the total slip market attracted by reach j

dij is the spatial separation of county i and reach j

b is an empirically determined exponent which expresses the
average areawide effect of spatial separation between zones
on the amount of slip interchange. (This factor was devel-
oped from the origin/destination data developed in the 1979
recreation boating survey.)

n is the number of reaches (17)
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It may be noted in this equation that four factors are of major
importance: trip productions, trip attractions, spatial distance separation,
and the number of areas. Of course, the latter two are simply the distance
between each county and the 17 reaches, thus forming a matrix of 62 primary
market counties by 17 reaches. The trip productions (the market generated byeach county) were composed of the following specific variables:

• Population forecasts for 62 counties (1985, 1995, 2005, 2015,
2025, and 2035).

• Boat registration per 1,000 population in 62 counties for 1979
(projected to 1985).

• Growth in boat registration for four states in 1985, 1995, 2005,
2015, 2025, and 2035.

• Market penetration rates for 62 counties, six distance zones,
and 6 years (1985, 1995, 2005, 2015, 2025, and 2035).

The populati g forecasts for the 62 counties were derived from the
latest estimates.-J The 1979 boat registration (and a growth factor of 5
percent) and the forecast population for 1985 were used to derive the boat
registration per thousand population for that year. MRI assumed the future
boat registration per thousand population would be onstant at State levels
(1.00); thus, the growth factors in the model are:2-

GROWTH FACTORS (BOAT REGISTRATION)

State 1985 1995 2005 2015 2025 2035

Michigan 1.00 1.00 1.00 1.00 1.00 1.00
Pennsylvania 1.00 1.00 1.00 1.00 1.00 1.00
New York 1.00 1.00 1.00 1.00 1.00 1.00
Ohio 1.00 1.00 1.00 1.00 1.00 1.00

The result of applying the growth factors to the product of population (6
years) and registration in 1985 (the base year) resulted in estimated boatregistration in the 62 counties for the 6 years under study.

.1/ The county population projections provided by each of the four States
incorporate the Census Bureau's latest "Series E" national population and
projection and the Bureau of Economic Analysis' industrial and regional
disaggregation thereof, as published in The 1972-E OBERS Projections,
November 1974.

2/ This corresponds to the growth rate used in the beaches model (a zero
participation growth rate).
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The market pei-eration rates presented a much more complex problem.
Obviously, a county or population center within a few miles of a lake will
provide more potential use of that lake than another market center more
distant. Unfortunately, no single study provides data in such specific
detail as percentages of the total market by distance zones. Three previous
studies were used in developing the market penetration factors. MRI pre-
viously conducted a market study at three Corps of Engineers lakes for the
Little Rock District. These studies provided the overall percentage f the
total market coming from various distances to the three Corps lakes A
previous Corps of Engineers marina market study for Shelbyville Lake in
Illinois provided similar types of data for specific counties at varying
distances from three marinas. Unfortunately tse data were aggregated and a
specific breakdown by marina was not possible.- MRI also calibrated the
gravity model for 28 lyjk and dam operations (162 primary market counties) on
the Mississippi River.2- The MRI boating survey of Lake Erie/Ontario boaters
also provided origin/destination data for 2,043 respondents. Using these
sources of information as a general guide, market penetration rates for six
distance zones and the 6 years were developed by several gravity model
calibration runs. The final market penetration rates used in the model are
as follows:

Market Penetration
Rates Cumulative

(1985-2035) Percent Distance Zone

0.1240 71.0 0 to 25 miles
0.0260 14.9 26 to 50 miles
0.0110 6.3 51 to 75 miles
0.0074 4.2 76 to 99 miles
0.0053 3.0 100 to 150 miles
0.0000 0.0 151 miles or greater

The potential market for a particular year was then computed as follows:
the population forecast for a given year and county was multiplied by the
1985 boat registration (base year) per thousand population. This product was

in turn multiplied by the boat registration growth factor (1.00) for the par-
ticular year under study and resulted in the adjusted boat registration for
that year. Based on the distance from the primary market county to the par-
ticular reach, the potential slip market was estimated. (Note that the total
potential slip market for a county is the sum of all 17 reaches.) The net
result of using this technique for the entire market area produced the poten-
tial slip market that would be generated from the 62 counties for the 6 dif-
ferent years. The rates in the above table applied to 1985 population and

1/ "Market Analysis for Marina Concession Facilities at Greers Ferry, Ozark
and Table Rock Lakes," U.S. Army, Corps of Engineers District, Little
Rock (1974).

2/ "A Study of the Market Potential for Small Craft Marina Concessions at
Lake Shelbyville," U.S. Army, Corps of Engineers District, St. Louis(1975).

3/ "Methodology and Forecasts of Recreation Use and Small Craft Lockages on
the Upper Mississippi River," U.S. Army Corps of Engineers District,
St. Paul (July 26, 1978).
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boat registration estimates provide a potential growth in marina slippage in
the primary market area of 5.2 percent over the 1979 slippage. This
corresponds roughly to an annual growth rate of 1.0 percent in boat
registration.

2. Analysis of the gravity model demand: The model allocated the
potential slip market somewhat differently than the present pattern of
slippage. Table 1 shows the present slippage capacity and potential slip
market for the 17 reaches.

Table I - Current Marina Slip Capacity and Future
Potential for Selected Great Lake Reaches

Current : Potential
Marina : Slip Marketb

Reach : Slip Capacitya : (1985) Differences

R008 : 145 : 146 +1
R007 14 16 : +2
R006 : 1,145 : 1,136 : -9
2005 : 2,985 : 2,969 : -16
2004 : 40 38 -2
2003 : 2,364 : 2,513 : +149
2002 : 667 : 707 : +40
2001 : 733 701 -32
RO05 : 361 : 334 : -27
R004 2,268 2,082 : -186
3004 : 2,825 : 2,769 : -56
3003 : 8,171 : 6,918 : -1,253
3002 : 13,633 11,090 -2,543
3001 : 3,152 : 3,043 -109
R003 4,354 : 4,236 : -118
R002 9,138 9,035 -103
RO01 2157: 2 109 -48

Total : 54,5 498

a MRI Boating Facility Inventory (1979) -- Sum of wet berths/slips and
moorings.

b Output from the GRAVITY Model (1985).
c This compares to the current slip utilization of 47,387 (MRI Boating

Facility Inventory), or an increase of 2,455 slips needed (5.2 percent
increase by 1985).

In terms of current slip/mooring capacity, essentially all of the 1985
demand could be accommodated at existing boating facilities. Only one reach
(2003) shows any large increase (149) over 1979 capacity. This condition is
primarily the result of the current occupancy for all 17 reaches (both slips
and moorings) being only 87.5 percent. A total of nearly 7,000 slips are
currently available for rental in the two lakes and connecting waterways.

Unfortunately, these statistics do not tell the entire story. A total
of 26.8 percent of the existing slip/mooring capacity is of either fair or
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poor quality (see MRI Technical Report No. 1). Many of these are not of
acceptable quality to attract either new boaters or those upgrading their
equipment. In addition, many of the available slips/moorings are located in
the more shallow parts of marinas and therefore cannot accommodate larger
craft.

A truer picture of boating needs may be obtained by comparing potential
utilization (the gravity output) to current utilization. If potential utili-
zation in future years is greater than current utilization, this excess over
current use may be considered additional slip/mooring needs. Table 2 makes
this comparison. It may be noted that, in terms of this definition, all
reaches will require additional slips/moorings by 1985 except 3003 and 3002.
The reaches requiring the greatest slip/mooring needs by 1985 are 2005 (607),
2003 (386), 3001 (465), R003 (304), R002 (866), and RO01 (746). By 2005, all
reaches will require additional slips/moorings.

The growth factors for the small boat harbor formula (MRI Technical
Report No. 5, Economic Impacts of Lake Level Regulation) were developed by
dividing future potential utilization (the gravity output) by existing utili-
zation (e.g., 1985 potential is 146 in R008; existing utilization is 132;
146 T- 132 = 1.11). Table 3 shows the growth factors used in the development
of economic damages (see Technical Report No. 5).

3. Program flow: The model basically has two component sections. The
first section is a subroutine that generates the demand for trip productions;
the second portion is the gravity model allocation itself.

a. Demand: Figure 1 shows the overall flow of the model. First, the
population input for 62 counties and 6 years (1985, 1995, 2005, 2015, 2025,
and 2035) is multiplied by the boat registration per 1,000 population (1979,
projected to 1985). This essentially, in terms of the present registration
figures, calculates the number of total boats that will be registered for the
5 forecast years. Of course, this assumes that this base year per capita
rate is constant. To provide for future growth, these calculated estimates
of boat registration are multiplied by State growth factors to develop the
adjusted boat registration for future years. This adjusted figure is an
interim model output and provides boat registration for the 62 counties and 6
forecast years. In the Lake Erie model, future boat registration per 1,000
population was held constant (a factor of 1.00). This is comparable to the
assumption made in the beaches model.

Next, this interim output is multiplied by a combination of the two
distance matrices (both mileage and zones) and the market penetration rates
to develop the gross slip market for the 62 counties and 6 years. This
interim output is then input into the gravity model and allocated using the
equation previously described. To provide the user the advantage of exa-
mining these numbers both at the county and the resource area level, two
interim tables are generated by the model. One is the potential slip market
by 62 counties and 6 years, and the second is the potential slip market for
the 17 reaches and 6 forecast years. The potential slip market input is the
basis for the trip productions (slip/mooring needs) that are allocated to the
attractions (17 reaches) using the gravity equation.
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Table 3 - Growth Factor Matrix

: Existing
Reach : Utilization-: 1985 1995 2005 2015 2025 2035

R008 132 1.11 1.17 1.24 1.30 1.37 1.44

R007 2 8.00 8.50 9.00 9.50 10.00 10.50

R006 1,013 1.12 1.19 1.26 1.33 1.40 1.47

2005 2,362 1.26 1.34 1.42 1.51 1.59 1.67

2004 30 1.27 1.33 1.40 1.50 1.57 1.63

2003 2,121 1.18 1.27 1.36 1.44 1.53 1.61

2002 576 1.23 1.32 1.41 1.51 1.60 1.69

2001 622 1.13 1.21 1.30 1.39 1.48 1.57

R005 296 1.13 1.20 1.27 1.34 1.42 1.49

R004 1,935 1.08 1.14 1.20 1.27 1.33 1.40

3004 2,575 1.08 1.14 1.21 1.28 1.35 1.42

3003 7,560 1.00a  1.00 a  1.02 1.08 1.13 1.19

3002 12,115 1.00a  1.00 a  1.04 1.10 1.16 1.22

3001 2,578 1.18 1.26 1.33 1.41 1.49 1.56

R003 3,932 1.08 1.15 1.22 1.29 1.36 1.43

R002 8,169 1.11 1.18 1.25 1.32 1.40 1.47

RO01 1,363 1.55 1.65 1.75 1.86 1.96 2.06

Total 47,387 : :

a Forecast utilization is less than 1979. Therefore, no growth (1.00) will
occur in these reaches.
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b. Allocation: The particular formation of the gravity model has been
referred to by traffic planners as the "F-factor" form. The F-factor form of
the gravity model is calibrated around trip productions to reproduce a trip
distribution pattern similar to that provided by the interim potential slip
market input. It is achieved in the following manner. Assumed values were
used for the first set of F-factors, these values followed a somewhat smooth
curve (assumed values were developed from the boating use survey data). As
the gravity model was being calibrated, new F-factors were calculated for
each model iteration by:
F(d)new F(D)old % of trips in (d)new

% of trips in (d)old

where F(d)old is the F-factor of the previous iteration for the distance
in question.

The relative size of the F-factors is of critical importance to the gra-
vity model distribution. The distribution F-factors is affected by several
factors:

• The demand for a given length trip as indicated by the trip length
frequency distribution curve.

• The potential for having a given trip length.

. The interaction caused by competition with attractions at other
lengths of trips.

It is difficult to use an areawide term to describe what will happen for
individual counties in any model. The influence of one large trip
interchange at a particular distance will affect all other trip interchanges
at the same distance. The interaction caused by large trip interchanges will
affect those of other distances also.

The calibration criteria center around two factors. One is the ratio of
actual trip length to computed trip length by the model, and the second is
the standard deviation of the ratios of percent of trips distributed to each
distance band compared to the desired distribution. The model will continue
to reiterate as presently programmed until the trip length rqtio reaches a
level of 1.7 and the standard deviation is reduced at 1.00.1- At that time,
the model prints a matrix that displays a number of potential slips being
sought dt each reach for all 62 counties.

1/ These constraints were empirically developed for the particular data used
in this study. Normally the gravity model converges if the ratios are
within 0.05 standard deviation. Because of the problem of using an area-
wide F-factor term to describe trip distribution patterns over a 1,000
mile stretch of lakes and rivers, however, quick convergence with this
lower limit could not be achieved.
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This process is repeated and reiterated until the criteria have been
reached for all 6 forecast years. At the conclusion of the program, a final
table is printed that shows the potential slip market demand for each of the
17 reaches for the 6 forecast years. Some of the basic inputs and outputs
are described below:

4. Data input cards

a. Population forecasts:

Column Contents

1-12 County Name
13-15 County Number
19-20 State Number
21-30 1985 Population
31-40 1995 Population
41-50 2005 Population
51-60 2015 Population
61-70 2025 Population
71-80 2035 Population

b. Present boat registration per 1,000 population (1979), projected to

1985:

Column Contents"

"f-3 . County Number
4-5 State Name
7-10 Boat Registration, 1,000 Population

c. Boat registration growth factors:

Column Contents

1-2 State Number
7-10 1985 Growth Factor
17-20 1995 Growth Factor
27-30 2005 Growth Factor
37-40 2015 Growth Factor
47-50 2025 Growth Factor
51-60 2035 Growth Factor
61-80 State Name
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d. Distance matrix (mileage):

Column Contents

1-3 County Number
5-6 State Number
11-15 Distance from a County to Reaches
16-20, etc. Continuing in Fields of 5.0

through Column 80 and from
Column 11 through 25 on Card 2
for all other reaches

e. Distance matrix (zones):

Column Contents

1-3 County Number
5-6 Column Number
10-37 Zone each reach falls in terms of

distance from a county-

f. Market penetration rates:

Column Contents

1-4 Year (1985, 2005, 2015, 2025, and 2035)
6-10 Distance Band 1 (Percent of Market)
16-20 Distance Band 2 (Percent of Market)
26-30 Distance Band 3 (Percent of Market)
36-40 Distance Band 4 (Percent of Market)
46-50 Distance Band 5 (Percent of Market)
56-60 Distance Band 6 (Percent of Market)

g. Moorage capacity of pools:

Column Contents

1-2 Reach Number
7-10 Capacity (distribution of wet berths/

slips and moorings, 1979--percent)
70 Must be "3"

I/ Zone Number Mileage

1 0-25
2 26-50
3 51-75
4 76-99
5 100-150
6 150+
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h. Friction factors:

Column Contents

1-2 Distance (rounded to 10 miles) in
sequence from 1 to 99

3-6 Friction Factors
70 Must be "5"

i. Trip length frequency factors:

Column Contents

1-2 Distance (rounded to 10 miles) in
sequence from 1-99

3-6 Percentage (same as friction factors)
70 Must be "6"

5. Gravity model outputs: Several interim outputs are provided by the
program to give the user a cross-check on both data inputs and subsequent
final output. These are described below:

a. Total boat registration: The resulting estimates of multiplying the
1979 per capita boat registration (projected to 1985) times population fore-
casts provide this interim output.

b. Adjusted boat registration: Applying the boat registration growth
factors to the total boat registration provides this matrix. It is a matrix
of 62 counties by the 6 forecast years.

c. Potential slip market: This interim output is provided in two
forms. One is a matrix of 62 counties by 6 forecast years, and the second is
a matrix of 17 reaches by 6 forecast years. It is the resulting interim out-
put from multiplying penetration rates times the adjusted boat registration.
The first table is the basic trip productions input that is allocated in the
gravity model.

d. Comparison tables: Two basic comparison tables are provided as the
model begins to reiterate the allocation process. The first table is a
matrix of 17 reaches by the trips desired (slips and moorings) and the com-
puted trips (slips and moorings) based on present moorage capacity. The com-
puted trips are the model allocations. A third column provides a ratio
between the two, and the fourth column provides a difference between computed
and desired trips. At the end of three reiterations, a second table is
output. For each distance zone, the final F-factor for the reiteration of
the three tables is produced. A second column provides the trip length fre-
quency factors; the third column produces the model trip length frequency
results; the fourth column shows the ratio of the F-factors to the trip
length frequency factors.

At the conclusion of this second table, the average trip length, the
computed trip length, the ratio between the two and the-mean and standard
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deviation are produced. If the convergence criteria are not reached, the
model goes through another set of reiterations. This process continues until
the criteria are reached. At that time, yet another output is produced. It
shows the number of trip productions, potential slip market generated for
each separate reach by each county. The above process is repeated for each
of the 6 forecast years for each of the 17 reaches.

6. Data for the Lake Erie regulation gravity analysis: Technical
Report No. 7 contains the input data and interim and final outputs for the
gravity analysis on Lakes Erie and Ontario and connecting waterways (17
reaches).

a. Input data:

. Population forecasts

. Distance matrix (mileage)

. Moorage capacity of reaches

. Friction factors

. Trip length frequency factors

b. Interim outputs:

. Boat registration

. Adjusted boat registration
Potential slip market (counties)

. Potential slip market (reaches)

c. Final output:

Potential slip market (17 reaches and 6 years) - six separate tables.

G-252



UIA


